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CRETACEOUS AND PALEOCENE OF SANTA 
LUCIA RANGE, CALIFORNIA! 


NICHOLAS L. TALIAFERRO? 
Berkeley, California 


ABSTRACT 


The study of the Cretaceous and Paleocene in the Santa Lucia Range has been of value not only 
in connection with the sedimentational history of the state but also in deciphering the diastrophic 
history. Practically all the orogenies that have affected the Coast Ranges since the close of the Juras- 
sic have been strongest in the west, decreasing in effect eastward. Thus, disturbances that resulted in 
slight disconformities along the west side of the San Joaquin Valley are represented by profound 
unconformities in the Santa Lucia Range. Relations that in some places are obscure on the east are 
clear and unmistakable on the west. This is particularly true of the Cretaceous. 

Most of the recognized divisions of the Cretaceous are present in the Santa Lucia Range but they 
are somewhat thinner than in the better known sections in the east part of the Coast Ranges and on 
the west border of the Great Valley of California. 

The Cretaceous of the Santa Lucia Range is divided into three formations separated by profound 
unconformities. The Lower Cretaceous, the Marmolejo formation, is of rather limited distribution, 
having been largely removed or covered with later sediments, and occurs only in the south part of 
the range where it consists of 4,000-5,000 feet of dark shales with minor amounts of sandstone and 
conglomerate. This rests either disconformably or unconformably on Franciscan-Knoxville rocks 
with a thin fossiliferous basal conglomerate, except on the east side of the range where there are local, 
thick, and very coarse breccias largely made up of angular blocks of chert, basalt, diabase, and sand- 
stone derived from the Franciscan. These breccias occur only immediately west of the Las Tablas 
fault, thinning not far westward away from it, indicating movement, either of folding or faulting, 
along this zone in the very late Jurassic or early Cretaceous. Local movements of considerable mag- 
nitude took place at this time throughout the Coast Ranges. This diastrophism is called the Diablan 
orogeny by the writer. The meager fauna of the Marmolejo formation indicates that it belongs to the 
Paskenta stage of the Lower Cretaceous; the Horsetown stage does not appear to be represented. 

The Marmolejo formation was strongly deformed and largely removed, as a result of the mid- 
Cretaceous disturbance, before the deposition of the Upper Cretaceous. Long continued erosion ap- 

ars to have greatly reduced the region since the earliest Upper Cretaceous sea spread over an area of 
ow relief, as shown by the character of the Jack Creek formation, which consists predominantly of 
fine-grained detritus, shale and silt, and which rests unconformably on the earlier Mesozoic rocks 
either without any basal conglomerate or with one only 2 or 3 feet thick. The Jack Creek formation, 
which is confined to the central and south part of the range, contains a very scanty fauna which has 
not yet been studied; from evidence in other areas it is believed to represent the Cenomanian and 
Turonian. The maximum exposed thickness is 2,900 feet but it is ordinarily much thinner because of 
strong erosion prior to the deposition of the next succeeding Upper Cretaceous unit, the Asuncion. 
The Jack Creek everywhere rests on Franciscan-Knoxville and Lower Cretaceous rocks; nowhere 
does it transgress them onto the ancient crystalline complex. 


1 Manuscript received, August 9, 1943. 
2 Chairman, department of geological sciences, University of California. 
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The Asuncion formation is made up predominantly of coarse detritus, arkose sandstones, and 
boulder conglomerates and the sea in which it was deposited spread over an area of considerable relief. 
The Asuncion rests unconformably on the Jack Creek with an angular discordance ranging from a few 
degrees to 70°. Strong folding, faulting, and, in places, deep erosion took place after the deposition of 
the Jack Creek before the deposition of the Asuncion. This diastrophism is called the Santa Lucian 
orogeny by the writer. It uplifted wide areas and caused deep erosion, resulting in the removal of 
much of the earlier Mesozoic rocks and, in places, exposing the ancient crystalline basement. Although 
it affected a large area the sea was not completely withdrawn from all of the present Coast Ranges; 
it decreased in severity eastward and there appear to be areas along the west side of the San Joaquin 
Valley where deposition was continuous. However, even here there are lenses of coarse boulder con- 
glomerates, containing reworked Cenomanian and Turonian fossils, that are believed to reflect the 
uplift, or uplifts, caused by the Santa Lucian orogeny. 

The Asuncion becomes coarser toward the west and also contains an increasing amount of Fran- 
ciscan débris in that direction, In the south part of the range it was chiefly derived from the west but 
in the central and north part of the range there is some evidence that it was derived both from the 
west and northeast. 

The Asuncion, like the earlier Mesozoic rocks of the region, is strongly folded and faulted and 
commonly stands at high angles. Because of this the total thickness is not known as there are no sec- 
tions in which both the base and top are exposed. The greatest single section is about 6,000 feet thick; 
the total original thickness may have been as much as 10,000 feet. Only the upper 1,500-2,500 feet 
contains determinable fossils. The fauna in the upper part is correlated with the Garzas fauna along 
the west side of the San Joaquin Valley and the Glycymeris veatchii fauna of the Santa Ana Mountains. 
The range of this fauna is thought to be from the upper part of the Senonian, through the Maestrich- 
tian, into the Danian. The entire Asuncion is believed to be later than the Turonian. 

The representative of the Martinez (restricted Martinez, lowermost Eocene) is called the Dip 
Creek formation. This occurs in only two small remnants about 50 miles apart. In the south part of 
the range it is 1,320 feet thick and rests with slight unconformity on the Asuncion. The Dip Creek 
formation is lithologically identical with the Asuncion and the faunas have much in common. The 
lower conglomerates of the Dip Creek contain abundant débris of the Asuncion and there is a slight 
angular discordance between them. The movements at the close of the Cretaceous were not as severe 
or as widespread as those between the Paleocene and lower Miocene. 


INTRODUCTION 


The Cretaceous of the Santa Lucia Range is represented by three formations, 
ranging in age from the Lower Cretaceous to a very late stage in the Upper Cre- 
taceous; each is separated by a pronounced unconformity. Because the various 
Cretaceous and Tertiary diastrophisms were much more severe in the west than 
in the east part of the Coast Ranges, a study of the Cretaceous of the Santa 
Lucia Range is important not only in revealing the history of that period in 
California, but also in contributing to the diastrophic history of the Coast Ranges 
in general. Slight disconformities on the west side of the San Joaquin Valley are 
represented by strong unconformities and widespread overlaps in the Santa Lucia 
Range. 

The Cretaceous in general is very sparingly fossiliferous but some beds have 
yielded moderately large collections. Although these have not been studied in 
detail sufficient information is available to make reasonably accurate age assign- 
ments. Even though it is impossible to present long faunal lists it is believed that 
a statement of the facts is of value now, especially since it may be several years 
before it is possible to obtain adequate paleontological assistance in a study of 
the faunas. 

Since the two unconformities between the three cartographic Cretaceous 
units are definite physical facts, supported by abundant field evidence, the lack 
of positive information regarding the exact age limits of the formations, although 
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unfortunate, does not prevent a satisfactory description of the lithologic charac- 
ter, distribution, known fauna, and relationships of the various units to each 
other and to pre-Cretaceous and Tertiary rocks. Larger collections, and more 
detailed study of the present collections, may modify the present tentatively 
assigned age limits but it is not believed that such work would change the broader 
conclusions regarding conditions of deposition and diastrophic history. 

Isolated areas of Cretaceous sediments in which only fragmentary fossils have 
been found have been assigned to one of the three formations on the basis of 
lithology and relation to older and younger rocks. The writer is well aware of the 
danger of such correlations but believes that the lithologic differences between 
the three are so marked that correlations may be made with reasonable certainty. 

The present paper is based on detailed mapping during fifteen summers in the 
south part of the range and in adjacent areas, on many reconnaissance trips 
throughout the Coast Ranges, and on the mapping of several quadrangles in the 
Santa Lucia Range and contiguous areas by graduate students of the University 
of California. 
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LOCATION AND EXTENT OF SANTA LUCIA RANGE 


On some published maps and on the local topographic sheets of the United 
States Geological Survey the name Santa Lucia Range is applied to the moun- 
tainous area extending southeast from the south side of Monterey Bay, between 
the Pacific Ocean and the Salinas Valley, and continuing beyond the head waters 
of the Salinas River to the Cuyama River. South of the Cuyama River the 
mountainous area is called the San Rafael Range. As has been pointed out pre- 
viously by the writer,® it is illogical to use the Cuyama River as the boundary 
between the Santa Lucia and San Rafael ranges since there is neither a geologic 
nor topographic break along this hypothetical boundary. The writer has mapped 
the Nipomo and Branch Mountain quadrangles, which lie on both sides of the 
Cuyama River and include parts of both the San Rafael and Santa Lucia ranges, 
as usually defined. The structure and stratigraphy on both sides -of the Cuyama 
River are identical; folds and faults cross the river and the physiographic history 
of both sides is the same. 


3N. L. Taliaferro, “Geologic History and Structure of the Central Coast Ranges of California.” 
California State Bur. Mines Bull. 118, Pt. 2 (1941), p. 119. 
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Fic. 1.—Relief map of California, north of Santa Barbara, showing location of Santa Lucia Range and general nature of its relief (oblique view) 
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Reed‘ stated that the Nacimiento fault forms the east boundary of the south 
Santa Lucia Range. This also is an unfortunate definition as the broad belt of 
unrelated faults, called the Nacimiento zone by Reed, crosses the Santa Lucia 
Range and extends southeast into the San Rafael Mountains. 

The north end of the range is clearly defined topographically by the south 
end of Monterey Bay but the south end is somewhat indefinite both structurally 
and topographically. Throughout most of its extent the Santa Lucia Range is 
roughly bounded by inward-dipping marginal thrusts. These die out southeast- 
ward, their place being taken by normal faults. If this may be regarded as a 
legitimate criterion, the range ends at about the latitude of San Luis Obispo. 
This also corresponds with a marked decrease in elevation and the replacement 
of the main backbone by several low ridges. 

As defined here, the Santa Lucia Range is the mountainous area between the 
Salinas River and the Pacific Ocean and between Monterey Bay and San Luis 
Obispo. It has a length of 120 miles and a maximum width of 30 miles. Its south 
limit is approximately as shown on the Point Conception sheet (North I-10) of 
the International Map. Figure 1 and Figure 2 show its general location. 

Topographically the Santa Lucia Range is made up of several long ridges 
separated by valleys. However, there is a practically continuous, sharp main 
crest extending from Carmel, just south of Monterey Bay, to the latitude of San 
Luis Obispo. This crest roughly parallels the coast and in most places is not more 
than 7 miles east of it, except in the extreme south part where it is about 15 
miles east of the coast. Throughout most of its extent the range rises abruptly 
from the ocean and a considerable elevation is attained within a short distance. 
For example, Cone Peak, elevation 5,155 feet, in the southwest part of the 
Junipero Serra Quadrangle, is only 3 miles from the coast. In the north half of 
the range, which is higher than the south half, several peaks rise about 4,500 
feet; the highest is Junipero Serra Peak, 5,844 feet, about 45 miles southeast of 
Monterey Bay. In the central part of the range the highest point is Alder Peak, 
3,747 feet; southward the elevation of the crest gradually declines to about 3,000 
feet in the latitude of San Simeon, although there are a few peaks that rise to 
more than 3,500 feet. The south end is a little more than 2,500 feet above sea- 
level. 

The range is rugged throughout and is crossed by few roads except in the 
lower south part. Most of the higher areas are accessible only on foot or horse- 
back. 

In the north half of the range the higher regions are chiefly occupied by crys- 
talline schists and plutonics, the Sur series and Santa Lucia intrusives. On the 
south the crest is in most places made up of Franciscan sedimentary and in- 
trusive rock although Cretaceous sedimentary rocks are present here and there 
up to elevations of 3,500 feet. The lower south end is made up of Franciscan, 


4R. D. Reed, Geology of California, Amer. Assoc. Petrol. Geol. (1933), p. 12. 
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Fic. 2.—Generalized topographic map of Santa Lucia Range and adjacent areas. From sheets North J roand NorthI 10, 
International map, United States Geological Survey. 
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Cretaceous, and Miocene rocks. In the north part Cretaceous sedimentary rocks 
are present at elevations of 5,000 feet. 


PROGRESS OF GEOLOGIC MAPPING IN SANTA LUCIA RANGE 


The entire Santa Lucia Range has been mapped topographically by the 
United States Geological Survey on a scale of 1 to 62,500 with a contour interval 
of 25 or 50 feet. Most of it has been mapped geologically although only three 
quadrangles have been published. During the past 15 years the writer, assisted 
by students of the University of California, has mapped approximately 3,000 
square miles within, and immediately adjacent to, the Santa Lucia Range. The 
results of this work have not been published. 

The following list of quadrangles summarizes the present status of geologic 
mapping in the Santa Lucia Range. This is shown graphically in Figure 3. 


Monterey. Mapped in part. A. C. Law se “The Geology of Carmelo Bay,” Univ. California Pub? 


Bull. Dept. Geol., Vol. 1 (1893), pp. 1 
Salinas. C. L. Herold. “Geology of the Selloen Quadrangle,” Univ. California unpublished M.A. thesis 


(1935) 
Point o. Parker D. Trask, “Geology of the Point Sur Quadrangle,” Univ. California Pub., Bull. 


Dept. Geol. Sci., Vol. 16 (1926), pp. 119-86 
Jamesburg. W. M. Fiedler, “Geology of the Jamesburg Quadrangle,” Univ. California unpublished 


Ph.D. thesis (1942) 
Soledad. L. F. Schombel, “Geology of the Soledad Quadrangle,” zbid., M.A. thesis (1937) 


Metz. Unmapped 
Lucia. P. Reiche, “Geology of the Lucia Quadrangle,” Univ. California Pub., Bull. Dept. Geol. Sci., 


Vol. 24 (1937), pp. 115-68 
Junipero Serra. Northeast corner mapped by N. L. Taliaferro, unpublished 


King City. Unmapped 

Priest Valley. 1 to 125,000, approximately 1,000 square miles, mapped by N. L. Taliaferro, R. C. 
Meilenz, and R. M. Phillips, unpublished 

Cape San Martin, Bryson, Bradley, San Miguel, Piedras Blancas, San Simeon, Adelaida, Paso Robles. 


Mapping completed, unpublished. N. L. Taliaferro 
San Luis. H. W. Fairbanks, “San Luis, California,” U.S. Geol. Survey Geol. Atlas Folio ror (1904) 


Pozo. South part mapped by N. L. Taliaferro 
Nipomo. Mapping completed, 1941, N. L. Taliaferro, unpublished 


PRE-CRETACEOUS ROCKS OF SANTA LUCIA RANGE 


There are two major groups of rocks older than the Cretaceous in the Santa 
Lucia Range. The older is the Sur series,5 made up of quartz mica schists, quartz- 
ites, and marble derived from sediments, and amphibole and chlorite schists 
derived from volcanics and shallow intrusives. These are intruded by the Santa 
Lucia plutonic rocks, chiefly quartz diorites, but ranging from granites to gab- 
bros. The age of these crystalline schists is not known with certainty since no 
fossils have been found in them. They have been correlated with the Calaveras 
of the Sierra Nevada but without factual basis. The writer considers them equiva- 
lent to the Abrams and Salmon schists of northern California and the Colebrook 
schists of southwestern Oregon; these are known to be pre-Silurian in age. He 
regards the Sur series as either very early Paleozoic or pre-Cambrian. 


5 Parker D. Trask, “(Geology of the Point Sur Quadrangle, California,” Univ. California Pub., 
Bull. Dept. Geol. Sci., Vol. 16 (1926), pp. 127-33. 
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Fic. 3.—Quadrangle map of Santa Lucia Range and adjacent areas, showing progress of geologic mapping and publication. 
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The Franciscan-Knoxville group is younger than the Sur series and the Santa 
Lucia intrusives and older than the Lower Cretaceous. Although the Franciscan- 
Knoxville group is everywhere in fault contact with the older rocks in the Santa 
Lucia Range, there is no question about their relative ages when the vast differ- 
ence in the stage of metamorphism is taken into account. Furthermore, the 
Franciscan-Knoxville sedimentary rocks are largely made up of detritus derived 
from the crystalline schists and plutonics. Since the Franciscan-Knoxville group 
has been described previously by the writer® it need not be discussed here. 

The two older Cretaceous formations (Lower Cretaceous and early Upper 
Cretaceous) everywhere are associated spatially with the Franciscan-Knoxville 
group but the third and youngest (late Upper Cretaceous) rests indiscriminately 
on any of the older rocks; it commonly transgresses the earlier Mesozoic rocks 
onto the crystalline schists and plutonics. Thus, there was strong diastrophism 
during the Upper Cretaceous that resulted in uplift and deep erosion, followed 
by submergence, of the region now represented by the Santa Lucia Range. 


DIABLAN OROGENY 


At or near the close of the late Upper Jurassic there was a comparatively 
mild but widespread disturbance that affected a large part of the state in varying 
degrees. This diastrophism temporarily modified and uplifted parts of the geo- 
syncline in which the Franciscan-Knoxville group was deposited but did not 
destroy, or even permanently modify, the trough. Although mild in general it 
was, locally, rather severe and there are areas where the upper phase of the 
Franciscan-Knoxville group, the “Knoxville shale,” was largely or completely 
removed prior to the deposition of the earliest Lower Cretaceous. In some re- 
gions there is a thick conglomerate at the base of the Lower Cretaceous, contain- 
ing abundant débris of the underlying Franciscan-Knoxville group, but in other 
areas deposition appears to have been continuous; at least there are places where 
the basal Lower Cretaceous conglomerates pass into sandstones and then into 
shales, and the contact is, therefore, in a thick shale section showing no lithologic 
break. Although it is certain that the fauna of the Franciscan-Knoxville group 
is late Upper Jurassic and that of the overlying Paskenta stage of the Lower 
Cretaceous represents an early stage in the Lower Cretaceous, the beds are 
neither so abundantly fossiliferous nor has the paleontologic work been suffi- 
ciently detailed to enable a sharp line to be drawn between the two in the ab- 
sence of a basal conglomerate. Furthermore, it is by no means certain that the 
basal conglomerates and the overlaps that appear here and there represent the 


6N. L. Taliaferro, ““Geologic History and Structure of the Central Coast Ranges of California,” 
California State Bur. Mines Bull. 118, Pt.-2 (1941), pp. 123-27. 
, “Geologic History and Correlation of the Jurassic of Southwestern Oregon and Cali- 
fornia,” Bull. Geol. Soc. America, Vol. 53 (1942), pp. 71-112. 
, “The Franciscan-Knoxville Problem,” Bull. Amer. Assoc. Petrol. Geol., Vol. 27, No. 2 


(February, 1943), Pp. 109-219. 


: 
‘ 
_ 
ois 
3 


458 NICHOLAS L. TALIAFERRO 


same exact time horizon everywhere. However, there is definite evidence, both 
in the Santa Lucia Range and throughout the Coast Ranges in general, that 
strong uplift and, in some places, strong folding took place very close to what is 
generally regarded, on faunal evidence, as the line between the Upper Jurassic 
and the Lower Cretaceous. The writer has proposed the name Diablan for the 
diastrophism that began in the very late Upper Jurassic and probably continued 
into the early Lower Cretaceous. The sea was not withdrawn completely from 
the Franciscan-Knoxville trough; local areas were uplifted by folding or faulting, 
or both and, in some places, several thousand feet of beds were removed. In 
general the uplift appears to have taken place with only slight folding or tilting, 
and the attitude of the Lower Cretaceous varies little from that of the under- 
lying beds; in a few places, however, there is marked angular discordance. 

Throughout the Santa Lucia Range (and throughout the Coast Ranges south 
of Tehama County) the Lower Cretaceous rests on the Franciscan-Knoxville 
group; only in the northern Coast Ranges does it transgress pre-Mesozoic rocks. 
Although the Diablan orogeny was locally of sufficient magnitude to uplift and 
remove a considerable prism of rocks prior to the deposition of the Lower Cre- 
taceous it was not severe enough to cause the removal of the Franciscan-Knox- 
ville group over most of the Coast Ranges. It did not destroy the geosyncline in 
which the Franciscan-Knoxville group was deposited, but it appears to have 
resulted in islands here and there and to have shifted the main-axis of the trough 
slightly eastward. A more complete account of the Diablan orogeny and its effect 
in local areas will be given in future papers. 


LOWER CRETACEOUS-MARMOLEJO FORMATION (PASKENTA STAGE) 
GENERAL STATEMENT 


In northern California the Lower Cretaceous has been divided into two 
groups, the Paskenta and the Horsetown.’ There is no justification for the use 
of the term group as a designation of these beds for the following reasons. They 
are not cartographic units; no one as yet has succeeded in drawing a line between 
them in the field. There is no break between them, and the Paskenta grades up- 
ward into the Horsetown. There is no distinctive lithologic unit at the supposed 
base of the Horsetown that may be followed. The supposed dividing line between 
them at one particular locality is not at the same stratigraphic horizon in another 
locality. Although there are many genera and species that are characteristic of 
each there are also a number that occur in both. Ordinarily, it is possible to state 
that a particular fauna is either Paskenta or Horsetown but meager faunas, es- 
pecially those well above the base of the Lower Cretaceous, certainly are not 
distinctive. For these reasons the writer feels that the names Paskenta and 
Horsetown should be used as approximate faunal stages, rather than as group 


terms. 
7 F. M. Anderson, “Lower Cretaceous Deposits in California and Oregon,” Geol. Soc. America 
Spec. Paper 16 (1938). 
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In the Santa Lucia Range all of the fossils found thus far indicate that the 
beds belong to the lower part of the Paskenta stage, as defined in northern 
California. Horsetown beds are present on the east in the Diablo Range, and 
larger collections may show them to be present in the Santa Lucia Range. The 
absence of Horsetown fossils may be the result of (1) non-deposition over the 
area, or (2) removal by erosion, chiefly before the deposition of the early Upper 
Cretaceous. There is no direct evidence favoring either of these hypotheses except 
that in most places in the Santa Lucia Range both the Lower Cretaceous and the 
“Knoxville shales” were removed prior to the deposition of the early Upper 
Cretaceous; it is possible that all of the stratigraphically higher Horsetown beds 
were removed at this time, leaving only remnants of the lower part of the Lower 
Cretaceous. On the other hand, the widespread removal of the Lower Cretaceous 
might be interpreted as evidence favoring non-deposition, the erosion having 
taken place during the Horsetown stage. 

For convenience of reference the name Marmolejo formation is proposed for 
the Lower Cretaceous of the Santa Lucia Range. One of the widest and most 
continuous belts of Lower Cretaceous sediments occurs east of Marmolejo Flats 
in the central part of the San Simeon Quadrangle. The name Toro was given by 
Fairbanks® to the supposedly Lower Cretaceous “Knoxville” in the extreme 
south part of the Santa Lucia Range. As has been shown by the writer previously 
the Toro includes sediments, volcanics, and intrusives of Upper Jurassic age as 
well as Lower Cretaceous sediments that rest unconformably on the Upper 
Jurassic. The name Toro was forced on Fairbanks by the Committee on Geologic 
Names of the Survey; it is quite evident that he originally intended to use the 
name Knoxville in the sense that it was used 40 years ago. Recently the Geo- 
logical Survey has abandoned the name Toro,° stating: “Replaced by Knoxville 
formation, the local name Toro being considered unnecessary.” The Knoxville 
is still regarded as Lower Cretaceous by the Survey. This subject already has 
been discussed by the writer’? and need not be reviewed here except to say that 
the original Toro includes both the restricted Knoxville (Upper Jurassic) and the 
Paskenta stage of the Lower Cretaceous; the two are separated by an uncon- 
formity. The Knoxville part of the Toro contains pillow basalts and is intruded 
by basic and ultrabasic igneous rocks; the Lower Cretaceous part of the Toro 
contains no igneous material except as débris in the conglomerates. The writer 
hesitates to introduce a new formational name but in order to avoid confusion 
and the use of cumbersome terms, such as “Paskenta stage of the Lower Cre- 
taceous”’ or “lower part of the Shasta group,” the name Marmolejo formation is 
proposed for the Lower Cretaceous of the Santa Lucia Range. 


8 H. W. Fairbanks, “San Luis, California,” U.S. Geol. Survey Geol. Atlas Folio ror (1904). 

®M. Grace Wilmarth, “Lexicon of Geologic Names of the United States,” U. S. Geol. Survey 
Bull. 896 (1938), p. 2169. 

10 N, L. Taliaferro, “The Franciscan-Knoxville Problem,” Bull. Amer. Assoc. Petrol. Geol., Vol. 
27, No. 2 (February, 1943), pp. 109-219. 
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distribution of Lower Cretaceous in general from latitude of Monterey Bay to 
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DISTRIBUTION 


Lower Cretaceous sediments are rather widely distributed in the south half 
of the Santa Lucia Range as small discontinuous areas preserved, in most places, 
by downfolding or faulting. The distribution of the Marmolejo formation in the 
Santa Lucia Range and the actual outcrops of the Lower Cretaceous in adjacent 
areas are shown on Figure 4. All of the occurrences of the Lower Cretaceous 
shown are closely associated in space with the Franciscan-Knoxville group, indi- 
cating that the erosion caused by the Diablan orogeny was not sufficiently severe 
to remove all of the Upper Jurassic. In the area shown the Lower Cretaceous 
nowhere overlaps the Franciscan-Knoxville group onto the older crystalline rocks. 

Although in comparatively small scattered areas, Lower Cretaceous sediments 
are rather widely distributed throughout the Coast Ranges from the central 
valley region to the Pacific Ocean. From the general pattern shown on Figure 4 
it might be thought that these sediments were deposited in separate troughs 
and that much of the Coast Ranges was above sea-level during the Lower Cre- 
taceous. However, this apparent pattern is controlled by structure rather than 
original distribution. The two lines of outcrop on the flanks of the Diablo Range 
represent remnants preserved in belts that are both topographically and struc- 
turally lower than the uparched central part of the range. The belt through the 
south part of the Santa Lucia Range is essentially synclinal, although in many 
places complicated by downfaulting, or rather by the thrusting of the Franciscan 
over the Lower Cretaceous. 

The lithologic uniformity and the great similarity of the fauna in practically 
all of the occurrences of the Lower Cretaceous, not only in the Santa Lucia Range 
but throughout the Coast Ranges of California and Oregon, are opposed to the 
concept of deposition in separate basins. Practically everywhere the Lower Cre- 
taceous is made up of dark clay shales, dark sandy shales, hard silty sandstones, 
and light conglomerates. It is believed that the wide distribution and the lith- 
ologic and faunal similarity indicate that the Lower Cretaceous was deposited in 
a sea that spread across the Coast Ranges, from the central part of the present 
Great Valley (Sacramento and San Joaquin valleys). As there were two very 
strong orogenies in the Cretaceous, after the deposition of the Lower Cretaceous, 
and several in the Tertiary and at least one in the Pleistocene, it is not surprising 
that the Lower Cretaceous was stripped from most of the region; considering 
the severity of several of the diastrophisms it is surprising that the Lower Cre- 
taceous is preserved in so many places. 


FOLDING, FAULTING, AND ALTERATION OF MARMOLEJO FORMATION 


Throughout its extent in the Santa Lucia Range the Marmolejo formation 
is strongly folded and faulted, its deformation being comparable with that of the 
underlying Franciscan-Knoxville group. However, it is younger than the basic 
and ultrabasic intrusives, so common in the older rocks, and has not been altered 
by local contact action or the general increase in temperature brought about by 
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igneous activity. Furthermore, because of the absence of contemporaneous vol- 
canics and cherts, it is not as heterogeneous an assemblage; therefore, the sedi- 
mentary rocks are not, as a rule, so greatly sheared and distorted by crushing 
against the more rigid masses, during subsequent diastrophisms. Nevertheless, 
it has been severely deformed, the shales are hard and in places somewhat slaty 
and the sandstones and conglomerates are thoroughly indurated. Since the 
Marmolejo sediments are ordinarily preserved at present in synclines, none of 
the areas extends to great depth below sea-level. However, it has been buried, in 
some places, to a depth of at least 10,000 feet; hence, is commonly highly in- 
durated. 

Most of the contacts are faults and it is only here and there that its original 
relationship to older and younger beds is clearly shown. However, these original 
relationships have been observed in a sufficient number of widely separated 
localities to obtain a reasonably accurate picture of its former extent, the condi- 
tions of deposition, and subsequent history. Because, however, of the intricate 
folding and faulting it has been impossible satisfactorily to estimate its thickness. 

Not only in structure and areal distribution but also in its lithologic character 
and degree of alteration the Marmolejo formation bears a closer relation to the 
underlying Franciscan-Knoxville group than to the overlying Upper Cretaceous 
formations. 

The only igneous intrusions in the Marmolejo formation are the dikes and 
plugs that acted as feeders for the Miocene volcanics; these have only slightly 
baked and altered the shales a few feet from the contacts. An excellent example 
occurs at the south end of Black Mountain, Adelaida Quadrangle, where a few 
olivine basalt dikes cut dark Marmolejo shales, baking and slightly reddening 
them along the contact. Greater alteration may have taken place along some of 
the larger Miocene rhyolite necks, quartz porphyry plugs, and analcite diabase 
feeders but all such contacts either have been removed by erosion or buried 
beneath later sediments. 

Serpentines occur in the midst of the Lower Cretaceous but they are cold 
injections along faults or faulted anticlines. The best example of a cold injection 
of serpentine occurs along the northeast side of Black Mountain, Adelaida Quad- 
rangle, along an overturned, thrust faulted anticline in the Marmolejo formation. 
Here serpentine has been squeezed upward along the faulted crest of an anticline 
overturned toward the southwest. The serpentine has carried up blocks of Fran- 
ciscan chert, basalt, and sandstone. The same belt of serpentine, with included 
blocks of Franciscan rocks, rises northeastward along the same thrust into Mio- 
cene sedimentary and volcanic rocks. It is clearly a cold injection or piercement 
that has been squeezed upward into both the Lower Cretaceous and the Miocene 
along a northeastward-dipping thrust fault. On the southeast there are several 
small areas of intensely sheared serpentine squeezed into the Marmolejo forma- 
tion along the same broken, overturned anticline. These relations are shown in 


Figure 8. 
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LITHOLOGIC CHARACTER 


Although the lithologic character of the great bulk of the Marmolejo forma- 
tion, as well as that of the Lower Cretaceous of the Coast Ranges as a whole, is 
everywhere practically identical, there are certain local variations, particularly 
in the basal beds, that may be related to their proximity to elevations brought 
about by the Diablan orogeny. 

Nearly everywhere the Lower Cretaceous consists of a monotonous sequence 
of dark clay shales or dark sandy shales, with thin intercalations of hard silty 
sandstone; shale ordinarily predominates. There are sandstone lenses up to 100 
feet in thickness and there are some lenses of light conglomerate. Very thin beds 
and small lenses of dark impure sandy or shaly limestone occur in the shales but 
they are not as abundant as in the underlying Knoxville. There is no important 
lithologic variation in the Marmolejo formation from one locality to another 
except in the basal beds, which vary widely in thickness and in the type and 
angularity of débris. 

Nearly everywhere there is a conglomerate at the base of the Marmolejo 
formation, which rests disconformably or unconformably on either the Knoxville 
shale phase of the Franciscan-Knoxville group or on a lower typical “Franciscan” 
assemblage of sandstones, cherts, basalts, and diabase. In some places the uplift 
resulting from the Diablan orogeny was of sufficient magnitude to cause the re- 
moval of all of the Knoxville shale and a little of the Franciscan. Because of sub- 
sequent erosion and burial beneath later sediments Jittle can be said regarding 
the full extent of the Diablan orogeny in the Santa Lucia Range. However, at 
least 2,000 feet of beds were removed in a local zone through the central part of 
the Adelaida Quadrangle. West of this zone little erosion took place and the 
Marmolejo formation rests on the Knoxville shales. 

Ordinarily the basal beds of the Lower Cretaceous consist of 5-50 feet of 
alternating lenses of hard conglomerates and sandstones. Cobbles up to 6 inches 
in diameter are present but the average diameter of most of the pebbles is less 
than an inch. With a few exceptions, the pebbles and cobbles in the basal con- 
glomerates are small and well rounded and are of rather resistant rock types. 
Pre-Franciscan pebbles include various types of quartz and feldspar porphyries, 
red, gray, and white quartzites, black recrystallized cherts, recrystallized flow- 
banded rhyolites, schists, quartz, aplite, pegmatite, and granodiorite. Franciscan- 
Knoxville débris consists of red, green, and white radiolarian chert, basalt, dia- 
base, gabbro, serpentine, and sandstone. Angular and partly rounded fragments 
of Knoxville limestone and shale are commonly present. The matrix of the con- 
glomerate and the finer-grained interbeds are of sandstone that is somewhat 
coarser than the ordinary intercalations in the shales. This type of basal con- 
glomerate rests unconformably on the Franciscan in several places on the east 
flank of a strongly faulted and folded syncline in the south-central part of the 
Adelaida Quadrangle. (The most accessible locality is near the Josephine School 
both east and west of the York Mountain road.) Because of strong faulting the 
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normal relations between the Franciscan and Marmolejo are exposed only here 
and there on the east side of this synclinal belt of Marmolejo, but where the 
faulting is wholly within one or the other the relationship is clear; this occurs 
in the south part of the Adelaida and the north part of the San Luis quadrangles. 
The west side of the syncline ordinarily is either faulted or is covered by Miocene 
sedimentary and volcanic rocks but at one place in the Adelaida Quadrangle 
(Cienega Creek) and at several places in the San Luis Quadrangle the basal con- 
glomerate of the Marmolejo rests on Knoxville shales. As a result of the Diablan 
orogeny the upper shale phase of the Franciscan-Knoxville group, the Knoxville 
shales, was completely removed from the region on the east side of the syncline. 

On the west side of Marmolejo Creek and Marmolejo Flats the Marmolejo 
formation rests on Knoxville shales without any apparent unconformity. How- 
ever, the thin (10-30 feet) basal conglomerate contains débris of both the Knox- 
ville and the Franciscan as well as pebbles of pre-Franciscan rocks. 

The basal conglomerate, made up of well rounded pebbles, is commonly 
fossiliferous; individuals are abundant but species are few, being limited to a 
few species of aucellas and belemnites. Ammonites are present, but fragmentary 
and too poorly preserved even for generic determination. 

A very different type of basal conglomerate has been found in two places in 
the Adelaida Quadrangle. Both of these occurrences are on or near the Las Tablas 
thrust zone, a complex zone of faulting along which movement occurred in the 
Pliocene, Eocene, and Upper Cretaceous. 

In the west-central part of the Adelaida Quadrangle, immediately west of 
Las Tablas Creek and a mile northwest of the Klau quicksilver mine, and also 
5 miles southeast in the south-central part of the quadrangle there are coarse 
breccias at the base of the Marmolejo formation. At the locality northwest of 
the Klau mine Lower Cretaceous sediments are preserved in a sharp east-west 
trending, pre-Upper Cretaceous syncline immediately west of the Las Tablas 
thrust zone; the area is about a mile long and } mile wide. Here the Lower Cre- 
taceous rests directly on the Franciscan which is locally made up of pillow basalts, 
cherts, sandstone, and diabase, all present as angular blocks in the basal Lower 
Cretaceous breccias. The breccias are present at the base of the Marmolejo all 
about the syncline but they are much coarser and thicker on the east than on the 
west, indicating derivation from a near-by east source. The only two occurrences 
of coarse breccias in the Lower Cretaceous of the Santa Lucia Range occur along 
the Las Tablas fault zone. The breccias indicate strong local uplift, either folding 
or faulting; if the latter, the Las Tablas zone dates back to the Diablan orogeny. 
If actual movement took place along this zone in the late Upper Jurassic it is the 
earliest evidence of faulting observed by the writer in the Coast Ranges. 

Along the east end of the syncline the basal 400 feet of the Marmolejo consists 
of coarse breccias with thin interbeds of coarse pebbly sandstone and dark sandy 
shale. These pass upward into dark silty shales and thin sandstones characteristic 
of the Lower Cretaceous throughout the state. 
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Fic. 5.—Map and cross sections showing relations of Marmolejo breccia in 
vicinity of Las Tablas fault zone. Adelaida Quadrangle. 


In the northeast part of the syncline large angular blocks of Franciscan rocks 
are present in the breccias, which are exceptionally well exposed along a tributary 
to Las Tablas Creek. Blocks of basalt with the following dimensions were noted: 
9 by 6 by 5 feet, 10 by 4 by 3 feet, 11 by 6 by 4 feet. One block of basalt contains 
16 visible pillows on one surface. One almost square block of chert 3 by 3 feet is 
embedded in the breccia in the bottom of the creek. Smaller blocks of gabbro, 
sandstone, and Knoxville limestone are abundant. Locally, the Franciscan is 
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predominantly of basalt flows, commonly with pillow structure; this probably 
accounts for the size and abundance of the basalt blocks in the breccia. 

Well rounded pebbles of pre-Franciscan porphyries, quartzites, and aplites 
as well as Franciscan cherts, basalts, and sandstone occur scattered through, 
and as well defined lenses in, the breccias and interbedded sandstones. These 
lenses are in every way similar to the normal type of basal conglomerate pre- 


Fic. 6.—Breccia near base of Marmolejo formation (Lower Cretaceous). Adelaida 
Quadrangle. 18-inch hammer rests on large block of radiolarian chert. 


viously described. However, the normal type was largely masked by the more 
rapidly accumulating coarser débris. 

It appears as though the Lower Cretaceous sea spread eastward to the base 
of a recently uplifted sea cliff, raised either by folding or faulting, along the an- 
cestral Las Tablas fault zone. Wave attack caused rapid undercutting that re- 
sulted in local slides of angular débris into the encroaching sea. At the same time 
the typical gravelly, sandy, and silty detritus was being washed in, largely from 
the west. 

The local relations of the breccias are shown in Figure 5; Figure 6 illustrates 
the breccias. 

Aside from the breccias just described the lithologic character of the Lower 
Cretaceous is remarkably uniform. The shales are generally silty and commonly 
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show the typical shaly spheroidal jointing that permits them to be peeled some- 
what like an onion. This phenomenon is not confined to the Lower Cretaceous 
but is present in almost all similar shales; it simply represents slight contraction 
toward dispersed centers caused by partial dehydration of the original colloidal 
clays. On fresh surfaces they are dark gray to black, weathering to dark brown 
to red-brown on oxidation of the iron. Where erosion is moderately active the 
gulch and canyon walls cut into the shales have a dark, somber appearance; 
surfaces above the cuts are covered with dark red-brown soil that, as a rule, 
supports a meager plant growth. 

The limestones that here and there occur as small lenses and thin layers in 
the shales are very impure and silty; they are dark-colored and ferruginous, 
weathering to dark brown and ultimately, with the solution of most of the cal- 
cium carbonate, to a mass of earthy yellow limonite. The impure limestones are 
rarely fossiliferous. 

The thin interbedded sandstones are similar in most respects to those in the 
upper part of the Franciscan-Knoxville group; they differ chiefly from the bulk 
of the lower Franciscan sandstones in the proportion of clayey material and de- 
gree of weathering of the constituents. As has been shown previously by Davis" 
and by the writer” the Franciscan sandstones are characterized by an abundance 
of remarkably fresh and angular plagioclase and orthoclase feldspar. The Knox- 
ville and Lower Cretaceous sandstones are likewise characterized by an abun- 
dance of angular feldspar but in them it is slightly more altered (by weathering 
prior to deposition) than in the typical Franciscan sandstones. Furthermore, the 
Lower Cretaceous sandstones are, in general, finer-grained and contain a greater 
proportion of clayey material than those in the lower part of the Franciscan. 
The coarse detritus making up the Franciscan was derived in large part from a 
high rugged land mass west of the present coast under conditions of predominant 
mechanical disintegration. As the land mass was worn down, chemical weather- 
ing increased in importance, resulting in a greater proportion of clayey material 
and greater alteration of the feldspars in the upper part of the Franciscan-Knox- 
ville group; lowering of this western land mass continued into the Lower Cre- 
taceous. 

The Marmolejo sandstones are thoroughly indurated, being cemented with 
silica, calcium carbonate, and by a partial recrystallization of the fine clayey 
matrix. They are almost as difficult to break down as are the Franciscan sand- 
stones. Mechanical analyses mean nothing as it is impossible to obtain a clean 
separation of the grains. The few partial mineral analyses that have been made 
indicate the same general types of minerals that are present in the Franciscan 
sandstones. 

11 E. F. Davis, “The Franciscan Sandstone,” Univ. California Pub., Bull. Dept. Geol., Vol. 11, 
No. 1 (1918). 


22N. L. Taliaferro, “The Franciscan-Knoxville Problem,” op. cit. 
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The cross-bedding in the sandstones, the silty nature of the shales, the pres- 
ence of thin lenses of conglomerate, and the comparative abundance of aucellas 
at many horizons indicate that the Marmolejo was deposited in shallow water in 
a slowly sinking basin, bordered, except locally, by a comparatively low land 
mass. As the Marmolejo occurs only in scattered remnants it is difficult to obtain 
positive evidence of the direction of the land mass from which the detritus was 
derived except in the case of the local breccias along the Las Tablas fault zone. 
Although these breccias clearly were derived from the east it is believed that the 
great bulk of the sediments had a western source. This is based on the fact that 
the impure limestones are somewhat more abundant on the east and that the 
sandstones are more abundant and slightly coarser toward the west and south- 
west. Furthermore the Lower Cretaceous in the Santa Lucia Range appears to 
contain a slightly greater proportion of thin interbedded sandstones than in the 
Diablo Range on the east. 

Fragmentary carbonized plant remains are very abundant in the Marmolejo 
but well defined leaf imprints have not been found. The condition of the plant 
remains indicates that they had been transported for some distance and were 
rather thoroughly macerated before incorporation in the sediments. The abun- 
dance of carbonized plant remains indicates that the land from which the sedi- 
ments were derived was well wooded. Plant remains are even more abundant 
in the Upper Cretaceous. 


RELATION OF MARMOLEJO FORMATION TO OLDER AND YOUNGER ROCKS 


Because of many severe diastrophisms to which the region has been subjected 
since the Lower Cretaceous most of the contacts of the Marmolejo formation 
are faults. As previously stated the Marmolejo everywhere rests on the Fran- 
ciscan-Knoxville rocks and nowhere overlaps the old crystalline rocks, Sur 
schists, or Santa Lucia plutonics. 

The next succeeding Cretaceous formation, the Jack Creek, of lower Upper 
Cretaceous age, has not been found in any but faulted contact with the Mar- 
molejo. As shown on restored cross sections, of which Figure 8 is an example, 
the Jack Creek must have been deposited across the upturned edges of both the 
Franciscan-Knoxville and the Marmolejo. 

The Asuncion (late Upper Cretaceous) formation also is ordinarily in fault 
contact with the Marmolejo but in several places in the San Simeon, Adelaida, 
and San Luis quadrangles, Asuncion sandstones and conglomerates rest on the 
Marmolejo with marked angular discordance. However, even where the Asuncion 
rests on the Marmolejo it does not contain any noticeable amount of débris of 
the latter, indicating that the distribution of the Marmolejo was comparatively 
limited, even during the late Upper Cretaceous, and had been largely, if not 
completely, stripped from the highlands from which the Asuncion was de- 
rived. 
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AGE AND THICKNESS 


Although fossils are rather abundant in the Marmolejo formation, only a few 
genera and species are represented. The most abundant species are Aucella cras- 
sicolis Keyserling, A. crassa Pavlow, A. inflata Toula, A. lahuseni Pavlow, and 
Acroteuthis marcarthyensis Anderson.“ As stated previously by the writer, the 
robust, thick-shelled forms, Awcella crassicolis and A. crassa, and the smaller, 
narrower, less inflated form usually called A. lahuseni, are not confined to the 
lower beds of the Paskenta but range downward into the upper beds of the Knox- 
ville (Upper Jurassic), where they are associated with the typical Tithonian 
fossil A. piochii Gabb. However, these forms are more abundant in the Lower 
Cretaceous, where they are not associated with A. piochii. They do not extend 
into the Horsetown. The belemnite (Acroteuthis marcarthyensis) found in the 
Marmolejo does not extend downward into the Knoxville but it, or similar forms, 
occur in the Horsetown. Identical aucellas and belemnites are found in the 
Nipomo Quadrangle at the south tip of the Santa Lucia Range, associated with 
Turbo paskentaensis Stanton and in the same position in the Diablo Range 40 
miles northeast associated with the typical Lower Cretaceous ammonite, Neo- 
comites neocomiensis d’Orbigny. There can be no doubt that the fossils found in 
the Marmolejo formation indicate that it represents a comparatively low stage 
in the Lower Cretaceous. 

The Marmolejo formation has been so strongly folded and faulted that it is 
impossible to make an unqualified statement regarding its thickness. The thick- 
ness of the beds at the type section east of Marmolejo flats is approximately 
5,000 feet, unless repeated by faulting. Here the Marmolejo rests on Knoxville 
shales and the base is exposed; however, the top is not exposed as the beds are 
cut off on the east by a profound fault that, locally, follows the crest of the Santa 
Lucia Range. The outcrop width is approximately 5,200 feet, the eastern faulted 
contact is 1,000 feet higher than the base, and the average dip is 60°. Hence, the 
exposed part is approximately 4,900 feet thick. 


MID-CRETACEOUS DISTURBANCE 


The next youngest Cretaceous formation, the Jack Creek, of Upper Cre- 
taceous age, was deposited after the removal of a large part of the Marmolejo 
formation and after the entire region had been reduced to an area of low relief. 
Hence, a considerable amount of uplift and deep erosion must have taken place 
between the two. The Jack Creek formation is known to be Upper Cretaceous 
but its exact position is not known; hence, the disturbance can not be dated more 
closely than post-Paskenta and earlier than some unknown stage in the lower 


13 F, M. Anderson, “Lower Cretaceous Deposits in California and Oregon,” Geol. Soc. America 
Spec. Paper 16 (1938), p. 230, Pl. 83. 

4N, L. Taliaferro, “Geologic History and Correlation of the Jurassic of Southwestern Oregon 
and California,” ibid., Vol. 53 (1942), pp. 71-112. 
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Upper Cretaceous: However, Upper Cretaceous rocks rest with slight angular 
discordance on Horsetown beds in the northern Coast Ranges and with marked 
unconformity on Paskenta beds in the Diablo Range and they are known to be 
at least as old as the Cenomanian, and possibly as old as the late Albian. Like all 
succeeding diastrophisms the mid-Cretaceous disturbance was greater in the 
Santa Lucia Range than farther east, resulting in widespread stripping. It may 
have begun earlier in this region than in the east but it undoubtedly represents 
the same widespread break, found throughout the Coast Ranges, between the 
Lower and Upper Cretaceous. Although it is not possible accurately to date this 
diastrophism in the Santa Lucia Range the evidence that folding, faulting, uplift, 
and erosion took place somewhere near the close of the Lower Cretaceous is un- 
mistakable; much of the Marmolejo was removed as a result of this orogeny. The 
entire Coast Ranges were affected but the results were more marked in the Santa 
Lucia Range than in the Diablo Range and greater in the central part of the 
Diablo Range than along the west margin of the San Joaquin Valley. 


UPPER CRETACEOUS 
GENERAL DISCUSSION 


Upper Cretaceous sediments are widely distributed not only in the Santa 
Lucia Range but in the Coast Ranges in general. In the Santa Lucia Range they 
are exposed at the surface in an area of 425 square miles, approximately 17 per 
cent of the total area. From various lines of evidence it is believed that by late 
Upper Cretaceous time the sea covered the entire range, with the possible ex- 
ception of the extreme northeast part now occupied by the Sierra de Salinas, 
which, at that time, may have formed a part of Gabilan Island (Fig. 18, paleo- 
geographic map of California at or near the close of the Cretaceous). The present 
outcrops of Upper Cretaceous sediments in the Santa Lucia Range and adjacent 
regions are shown on Figure 7. 

In the Santa Lucia Range, and in fact over most of the Coast Ranges south 
of San Francisco Bay, the Upper Cretaceous may be divided into two major 
groups separated either by an unconformity or by a disconformity. The evidence 
for an important diastrophism in the Upper Cretaceous is especially clear in the 
Santa Lucia Range where there is a pronounced angular discordance between 
the two Upper Cretaceous units that, locally, amounts to as much as 70°. Further- 
more, there was widespread uplift and deep erosion, resulting in the partial or 
even complete removal of many of the earlier Mesozoic rocks, including the early 
Upper Cretaceous, before the deposition of the later Upper Cretaceous. There 
also is a marked lithologic difference between the two. 

The Upper Cretaceous over most of the state has long been called the Chico 
group (or formation). The symbol Kc (Chico) appears on many published maps 
as a catch-all for the Upper Cretaceous; unfortunately, Lower Cretaceous beds 
commonly are included. The name Chico originated in northern California and 
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it still serves a useful purpose in that region. However, detailed mapping and 
adequate fossil collections may indicate the advisability of dividing it into forma- 
tions or even groups in the region north of San Francisco Bay. 

In 1915 Anderson and Pack" divided the Chico group into the Panoche and 
Moreno formations, chiefly on the basis of lithology, but these units do not cor- 
respond in any way to the Upper Cretaceous groups proposed here. The term 
Moreno still is useful and, with certain modifications of the original definition 
of the type section, should be retained in some form. The best approach toward 
the solution of the Moreno problem appears to have been made by A. S. Huey,'* 
who has redefined the term and proposed the name Moreno Grande for the origi- 
nal Moreno and a little of the underlying Panoche. The Panoche, as originally 
defined and mapped, includes sediments of the upper part of the Franciscan- 
Knoxville group (Knoxville shale phase), Paskenta, Horsetown, and two Upper 
Cretaceous units separated by a disconformity. Considering these very diverse 
elements and the unconformities and disconformities included in the original 
Panoche, the writer is decidedly of the opinion that the name should be aban- 
doned. 

The name Atascadero was given by Fairbanks" to all of the Upper Cretaceous 
sediments of the San Luis region (extreme south end of the Santa Lucia Range), 
stating it was the local representative of the Chico group. Although most of the 
Atascadero is equivalent to the Asuncion (uppermost division of the Upper Cre- 
taceous) it also includes shales equivalent to the Jack Creek. Since the two Upper 
Cretaceous units, the Jack Creek and the Asuncion, are separated by a pro- 
nounced unconformity the writer does not believe that the name Atascadero 
should be used since it would only lead to confusion. The term “Atascadero 
formation” has been abandoned by the United States Geological Survey'® in 
favor of the name “Chico formation.” 

Taff,!® working in the extreme north end of the Mount Diablo Range, divided 
the Upper Cretaceous into three formations, the Chico at the base, unconform- 
able on the Lower Cretaceous, the Panoche resting unconformably on the Chico 
and grading upward into the Moreno at the top. Although this is a very useful 
division, and marks a forward step in our understanding of the Upper Cretaceous, 
it takes great liberties with the names Chico and Panoche, using them in a sense 
far different from the sense in which they are used in immediately adjacent areas 


and over the state in general. 


15 Robert Anderson and R. W. Pack, “Geology and Oil Resources of the West Border of the San 
Joaquin Valley North of Coalinga, California,” U.S. Geol. Survey Bull. 603 (1915). 


16 Personal communication and unpublished manuscript. 
17 H. W. Fairbanks, op. cit., p. 3. 


18 M. Grace Wilmarth, op. cit., p. 85. 
19 J. A. Taff, “Geology of Mount Diablo and Vicinity,” Bull. Geol. Soc. America, Vol. 46, No. 7 


(1935), PP. 1079-1100. 
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The writer® already has presented his objections to the use of “Chico,” either 
as a group term or a formational name, and the arguments need not be reviewed 
here except to say that he considers it inadvisable to use a name that has been 
applied in so many different senses, especially when it would include a profound 
unconformity. In order to facilitate the discussion of the Upper Cretaceous in 
general over the Coast Ranges between San Francisco Bay and Santa Barbara 
County and to emphasize the importance of the diastrophism in the Upper Cre- 
taceous the writer” proposed that the Upper Cretaceous be divided into the 
Pacheco and Asuncion groups, separated by the Santa Lucian orogeny. The 
Pacheco was proposed as a general name for all those sediments, predominantly 
silty, that accumulated during the depositional interval between the mid-Cre- 
taceous and Santa Lucian orogenies, and the Asuncion for the coarse clastics 
deposited after the Santa Lucian diastrophism. It was stated at the time:” 


The writer dislikes to add new group names to an already overburdened literature, 
but when the present confused state of the nomenclature and the variety of ways in which 
many of the names have been used is considered it is believed that the introduction of 
new terms will serve a useful purpose. 


Additional field work has not altered this opinion. However, should it be found 
possible to redefine the old names, so long applied to the Upper Cretaceous, in 
such a way as better to take cognizance of the physical history and depositional 
environments of the time, the writer would be the first to accept the older terms 
in place of those he has proposed. However, since these groups have been proved 
satisfactory for field purposes, since they may be recognized and mapped as 
distinct units in several places in the Coast Ranges south of San Francisco Bay, 
and since their lithologic characters reflect the physical history of the Coast 
Ranges, they are still retained for the two major divisions of the Upper Cre- 
taceous. 

The name Jack Creek is proposed as a local formational name for the repre- 
sentative of that part of the Pacheco group present in the Santa Lucia Range. 
The name Asuncion, taken from a locality in the south part of the range, is re- 
tained for the coarse clastics deposited after the Santa Lucian orogeny and resting 
unconformably on all the older rocks. Because of the lack of positive paleonto- 
logical evidence it is impossible to say exactly how much of the Upper Cretaceous 
is represented by these two units. 

Table I summarizes the Cretaceous of the Santa Lucia Range and gives the 
probable position of the various units in terms of the usually accepted European 
stages. 

20 N. L. Taliaferro, “Geologic History and Structure of the Central Coast Ranges of California,” 
California State Div. Mines Bull. 118, Pt. 2 (1941), pp. 130-34. 

21 Thid, 


® Thid., p. 130. 
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TABLE I 
CRETACEOUS OF SANTA LuctA RANGE 
System European Stage Group Santa Lucia Range 
Danian 
Upper Cretaceous Maestrichtian Asuncion group Asuncion formation 
Senonian 
Santa Lucian orogeny 
Turonian Pacheco k Creek fi ti 
Consens group Jack Creek formation 
Mid-Cretaceous disturbance 
Albian 
Aptian 
Lower Cretaceous Barremian Shasta group Marmolejo formation 
Hauterivian 
Valanginian 
Diablan orogeny 
Upper Jurassic Tithonian* Franciscan-Knoxville group 


* Used in the sense of S. W. Muller. 


EARLY UPPER CRETACEOUS—JACK CREEK FORMATION 


The name is taken from Jack Creek in the southeast part of the Adelaida 
Quadrangle; the type section is on that part of the creek extending for 1} miles 
southeast of the Dover Canyon road where the thickest and most complete 
section in the range is well exposed. 


DISTRIBUTION 


Thus far the Jack Creek formation has been positively recognized only in the 
south part of the Santa Lucia Range where it crops out here and there from the 
southeast part of the Adelaida to the north-central part of the San Simeon Quad- 
rangle, a distance of more than 20 miles. It is probable that it is present on the 
northwest but a sufficient amount of detailed work has not been done northwest 
of the Cape San Martin Quadrangle to make any definite statement regarding 
its extension in that direction. In the Lucia Quadrangle the Upper Cretaceous 
was not subdivided by Reiche,* and the poorly preserved fossils that were col- 
lected are not conclusive. However, some are said to be ‘“‘Lower Chico,’”’ which 
may indicate the presence of the Jack Creek. The Jack Creek formation is present 
in the San Luis Quadrangle, in the extreme south end of the Santa Lucia Range, 
and in the Nipomo Quadrangle, immediately south of the south end of the range, 
where lithologically similar sediments containing a meager lower Upper Cre- 
taceous fauna (not yet fully studied), lie unconformably below coarse clastics 
of the late Upper Cretaceous. Lithologically similar sedimentary rocks, occupying 
the same stratigraphic position, are rather widespread in the central Coast 


23 P, Reiche, “Geology of the Lucia Quadrangle,” Univ. California Pub., Bull. Dept. Geol. Sci., 
Vol. 24, No. 7 (1937), PP- 137-44. 
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Ranges. It is believed that the sea in which these sediments, chiefly silts, were 
deposited covered most if not all of the Coast Ranges. In the Santa Lucia Range, 
where the Santa Lucian orogeny was most severe, the Jack Creek formation was 
largely removed before the deposition of the Asuncion. 

The Jack Creek formation rests unconformably on the Franciscan-Knoxville 
group with either a very thin basal conglomerate, nowhere more than 2 or 3 feet 
thick, or an equally thin basal sandstone. Because of the intense deformation of 
most of the region many of the contacts are faults but the base is exposed in a 
sufficient number of widely separated localities to show clearly that the sea in 
which it was deposited spread quietly over a region of low relief. 


LITHOLOGIC CHARACTER 


By far the greater part of the Jack Creek formation is made up of light to 
dark gray sandy clay shales and silts with many thin interbeds of fine-grained, 
silty, commonly cross-bedded and ripple-marked sandstone. Lenses and thin 
layers of impure, ferruginous limestone are not uncommon. Lenses of sandstone 
and gravelly sandstone up to 25 feet in thickness are present in places. The thin 
sandstones are fine-grained and silty but the thicker Jenses may be medium- 
grained. Unfortunately, no mechanical or mineral analyses have been made of 
these sandstones. 

A very characteristic feature of the Jack Creek formation is the presence, 
throughout its extent in the Adelaida and San Simeon quadrangles, of shale- 
matrix conglomerates containing highly polished pebbles. Ordinarily the pebbles 
are not concentrated into lenses but occur scattered through the silts at several 
horizons. Most of the pebbles are small, averaging well under an inch, but some 
attain a diameter of 3-4 inches. Here and there the shale-matrix conglomerates 
pass into more ordinary conglomerates having a sandy matrix and closely 
crowded pebbles and cobbles. In this type, with a sand rather than a silt matrix, 
the average size of the pebbles is greater and the polish inconspicuous or absent. 
The pebbles in the shales have a remarkably high polish over the entire surface 
of the pebbles, even including the concavities. Rough, fractured surfaces of 
pebbles, broken either in transit or in the environment of deposition, are also 
highly polished but the broken surfaces are not obliterated or modified except on 
sharp edges, which are somewhat worn. The high polish, characteristic of these 
pebbles in the shales and siltstones, is usually ascribed to wind action. However, 
these pebbles are not generally faceted to the extent of ventifacts. Since the 
pebbles with a sand matrix are not polished to any appreciable extent and since 
even the rough broken edges of pebbles in silts are polished it is evident that the 
polishing took place in the environment of deposition, which, very clearly, was 
shallow marine, as shown by the presence of marine fossils and the strongly 
cross-bedded and ripple-marked silty sandstones. Therefore, it is clearly indicated 
that the high polish did not result from the same causes that brought about the 
rounding of the pebbles. The strong cross-bedding ordinarily shown by even the 
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thin sandstones and the presence of marine fossils clearly indicate a very shallow 
marine environment of deposition. In the opinion of the writer the high polish 
shown by the pebbles in the shales was caused by the constant agitation of the 
silts containing the pebbles by tidal and other currents in exceedingly shallow 
marine waters. The sharp angular fragments making up the silts acted as a 
natural abrasive. 

A few of the polished pebbles are shown in Figure 13. The largest was broken, 
either in transit or in the site of deposition, yet the rough, broken surface is as 
highly polished as the rounded area. This pebble is a dense feldspar porphyry; 
the pitted surface is the result of slight weathering of the plagioclase phenocrysts 
and microlites. 

The pebbles in the Jack Creek formation, both in the shale matrix and ordi- 
nary conglomerates, are predominantly of hard resistant rocks, both Franciscan- 
Knoxville and the pre-Mesozoic crystallines being represented; the latter are 
more abundant. The most common Franciscan-Knoxville pebbles are of dense 
radiolarian cherts but pebbles of sandstone, diabase, and basalt are present. 
The pre-Franciscan rocks are represented by pebbles of various types of dense 
porphyries, feldspar, quartz, and quartz feldspar porphyries, gray and pink 
quartzites, dense, black, recrystallized cherts, flow-banded rhyolites, and aplites. 
Granodiorite and schist pebbles are comparatively rare. In general the pebbles 
are rather well rounded. 


RELATION OF JACK CREEK FORMATION TO OLDER AND YOUNGER ROCKS 


Where the original depositional contact is exposed the Jack Creek formation 
everywhere rests with marked unconformity on the Franciscan. The best ex- 
posures of this contact are in the south-central and central parts of the Adelaida 
Quadrangle and in the north and northeast parts of the San Simeon Quadrangle. 
In the Adelaida Quadrangle the basal beds consist of 1-2 feet of fine silty sand 
that passes in a short distance upward into silty gray shales. The first shale- 
matrix conglomerates appear several hundred feet above the base. 

In the San Simeon Quadrangle the base is either a fine silty sand or a thin 
conglomerate or conglomeratic sandstone not more than 3 feet in thickness. In 
the thin basal conglomerate, Franciscan pebbles equal or exceed the pre-Fran- 
ciscan porphyries and quartzites. 

The predominantly fine-grained character of the Jack Creek formation and 
the thinness or absence of a basal conglomerate indicate that the early Upper 
Cretaceous sea spread quietly over an area of comparatively low relief. That 
there had been an orogenic episode prior to its deposition is shown by the wide- 
spread removal of the Lower Cretaceous and a part of the Franciscan-Knoxville 
group. However, erosion had reduced any highlands formed as a result of the 
mid-Cretaceous diastrophism and had left an area of low relief, at least in the 
south part of the Santa Lucia Range, over which the early Upper Cretaceous 
sea spread. The fine-grained Jack Creek formation was deposited in shallow 
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marine water in a slowly sinking basin where sedimentation appears to have 
kept pace with the downsinking. The writer has no intention of implying that 
the accumulation of the sediments was the cause of downsinking. In his opinion 
basin sinking was the result of comparatively weak tangential compression that 
gradually increased in magnitude and finally culminated in the Santa Lucian 
orogeny. 

As a result of the Santa Lucian orogeny the Jack Creek formation, as well 
as many of the earlier Mesozoic rocks, were partly or completely removed prior 


Fic. 11.—Detail of Jack Creek silty shales, Swamp John Creek, northeast part of San Simeon 
Quadrangle. Asuncion conglomerates and sandstones rest on these shales with angular discordance 
of 40° a few hundred feet away (left of picture). 


to the deposition of the coarse clastics of the Asuncion. Where the Jack Creek 
formation was not completely removed there is abundant evidence that it was 
tilted, folded, faulted, and strongly eroded prior to the deposition of the Asuncion. 
The angular discordance between the two varies from a few degrees to 70°. In the 
northeast part of the San Simeon Quadrangle, on two unnamed creeks, small 
areas of the Jack Creek shales are exposed along a pre-Miocene fault. Here the 
visible angular discordance varies from 30° to more than 40°, and the Asuncion 
conglomerates contain abundant débris of the Jack Creek, particularly the hard 
limestone lenses. In the south-central part of the Adelaida Quadrangle, 1-2 miles 


| 
| 
| 
| 
| 
| 
, 


CRETACEOUS OF SANTA LUCIA RANGE, CALIFORNIA 481 


Fic. 12.—Folded, faulted, and overturned shales of Jack Creek formation. Below (northeast of) 
Las Tablas thrust zone. Near head of Tobacco Creek, San Simeon Quadrangle. 


southeast of Josephine School, the angular discordance is approximately 70°. In 
the same quadrangle, near the headwaters of Jack Creek, gently dipping Asuncion 
sandstones pass across a fault between Franciscan and Jack Creek shales. The 
pre-Asuncion drag in the shales against the fault is shown in Figure 14. The 
structural relations are shown in Figures 8 and 10. The coarse clastics of the Asun- 
cion group in many places transgress the Jack Creek shales and rest on the 
Marmolejo formation or, more commonly, on the Franciscan-Knoxville rocks, 
in the south part of the Santa Lucia Range. On the northwest, in the central and 
north parts of the range, the Asuncion rests in most places on the older crystalline 
rocks, either Sur schists or Santa Lucia plutonics; in other places, however, even 
in the north part of the range, they rest on the Franciscan. 
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AGE AND THICKNESS 


Fossils are exceedingly rare in the Jack Creek formation and the few that have 
been collected have not been studied in detail. Belemnites were obtained in the 
northeast part of the San Simeon Quadrangle and Inoceramus in the south- 
central part of the Adelaida Quadrangle. According to S. W. Muller, these are 


Fic. 13.—Highly polished pebbles from shale-matrix conglomerate of Jack Creek formation, 
Adelaida Quadrangle. Natural size. 

1. Dense brownish gray feldspar porphyry, pre-Franciscan. 

2, 3. Red radiolarian chert, veined with quartz. Franciscan-Knoxville. 

4, 5. Dense recrystallized black chert, pre-Franciscan. 

6. Gray quartzite, Sur series. 

7. Fine-grained black feldspar porphyry, pre-Franciscan. 


Upper Cretaceous, probably “early Chico.”” No more precise paleontological in- 
formation is available. 

However, there is indirect evidence that the Jack Creek formation is rather 
early Upper Cretaceous. Both the Jack Creek and the Asuncion are unquestion- 
ably Upper Cretaceous, yet they are separated by a profound unconformity. The 
Jack Creek and earlier Mesozoic rocks were folded, faulted, uplifted, and re- 
moved either in whole or in part from wide areas prior to the deposition of the 
Asuncion. Although the diastrophism may have occupied a relatively brief inter- 


bee 3 4 


CRETACEOUS OF SANTA LUCIA RANGE, CALIFORNIA - 483 


val of Upper Cretaceous time the widespread removal of a thick prism of Meso- 
zoic rocks must have required an appreciable time; hence, it is believed that the 
Jack Creek formation is probably early Upper Cretaceous. 

Additional information regarding the date of the diastrophism between the 
Jack Creek and the Asuncion, the Santa Lucian orogeny, is found in other places 


Fic. 14.—Jack Creek shales, showing drag along pre-Asuncion fault, extreme left. Fault is just 
outside left margin. Coarse biotitic Asuncion sandstone passes across fault, which is between Jack 
Creek shales and Franciscan-Knoxville. On tributary of Jack Creek, central part of Adelaida Quad- 
rangle. 


in California. In the Mount Diablo region, and southeastward along the east 
side of the Diablo Range, Senonian and Maestrichtian conglomerates containing 
fossiliferous boulders derived from Turonian sediments are found, indicating, of 
course, that the Santa Lucian orogeny took place between the Turonian and the 
Senonian. It is believed that the Jack Creek formation is pre-Senonian but, at 
present, it is impossible to state how much of the Cenomanian and Turonian it 
represents. The possible correlation of the Jack Creek formation with other Upper 
Cretaceous units in the Coast Ranges is discussed in a following section. 
Because of the strong folding, faulting, and erosion between the two Upper 
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Cretaceous formations it is impossible to obtain any evidence regarding the 
original thickness of the Jack Creek formation. On Jack Creek, south of the Dover 
Canyon Road, Adelaida Quadrangle, it is approximately 2,900 feet thick. In the 
northeast part of the San Simeon Quadrangle it is 1,600 feet thick. It is impossible 
to estimate how much was removed by erosion prior to the deposition of the 
Asuncion. Beds believed to be equivalent to the Jack Creek in the Diablo Range 
have a thickness of 5,000-8,500 feet. 


SANTA LUCIAN OROGENY 


Throughout the Coast Ranges between San Francisco Bay and Santa Barbara 
County there is evidence of a pronounced break in sedimentation in the midst of 
the Upper Cretaceous. The evidence for diastrophism at this time is especially 
clear in the south Santa Lucia Range; hence, this diastrophism has been called 
the Santa Lucian orogeny by the writer.** As stated previously, it is believed to 
have taken place between the Turonian and Senonian. 

The evidence on which this orogeny is based in the Santa Lucia Range is 
touched upon under the discussion of the Jack Creek formation and is again re- 
ferred to under the Asuncion group. In the Santa Lucia Range the evidence is 
clear and convincing; it was the strongest orogeny to affect this region between 
the deformation of the Sur series and the late Pliocene orogeny that so pro- 
foundly affected practically all of the Coast Ranges. The extent of this diastro- 
phism and its effect upon subsequent folding and faulting and in the shaping of 
the Coast Ranges had never been fully realized. Although it did not destroy the 
great Mesozoic geosyncline in which the Franciscan-Knoxville group and the 
Cretaceous was deposited it greatly modified the basin and apparently caused 
an eastward shift in its main axis. The widespread stripping caused by the Santa 
Lucian orogeny and by uplift in the early Eocene, which appears to have followed 
lines established in the Upper Cretaceous, permitted the exposure of large areas 
of the crystalline basement complex, resulting in great variation in the thickness 
of the readily deformable sedimentary prism. Thus, the Santa Lucian orogeny 
had a profound effect upon the evolution of the Coast Ranges. 

The intensity of the Santa Lucian orogeny died out eastward yet its effect 
is clearly discernible even along the east flank of the Diablo Range. Taff* reports 
an unconformity between the “Chico” and the “Panoche” in the Mount Diablo 
region. The use of these terms has been commented upon previously; there seems 
to be little doubt that Taff’s “Chico” is equivalent to the Jack Creek and the 
“Panoche” to the Asuncion. 

Heavy conglomerates appear for the first time about 6,000-8,000 feet above 


24N. L. Taliaferro, “Geologic History and Structure of the Central Coast Ranges of California,” 
California Div. Mines Bull. 118, Pt. 2 (1941), pp. 130-32. 


25 J. A. Taff, “Geology of Mount Diablo and Vicinity,”’ Bull. Geol. Soc. America, Vol. 46, No. 7 
(1935), PP- 1079-1100. 
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the base of the “‘Panoche” (or rather above the base of the Upper Cretaceous 
part of the “Panoche” as originally mapped). These conglomerates contain 
abundant boulders of the underlying Cretaceous which is predominantly silty, 
and some of these boulders contain Turonian fossils; they also contain débris of 
the Franciscan. These conglomerates occur along the east flank of the Diablo 
Range. A few specific localities are those on Garzas, Quinto, and El Puerto 
creeks, and on Ortigalita Creek near the old Ortigalita School (now no longer 
there, but whose location is shown on the sheet of the Panoche Quadrangle). 
It is doubtful that these heavy conglomerates all occur at the same horizon; 
they are all lenses and can not be traced continuously. They do not represent an 
unconformity locally but they definitely reflect an uplift, or uplifts, on the west 
and the exposure of the early Upper Cretaceous sediments. The writer regards 
these conglomerates as the result of the Santa Lucian orogeny, which caused 
uplift and widespread stripping in the west Coast Ranges but which did not 
necessarily cause a complete withdrawal of the Upper Cretaceous sea from a 
part of the region that is now the east flank of the Diablo Range. However, there 
is evidence of a strong unconformity in the Upper Cretaceous farther south along 
the west side of the Diablo Range in the Dark Hole Quadrangle. There is a thick 
section of Upper Cretaceous sediments beneath the Eocene along Arroyo Pinoso, 
northeast of Castle Mountain. Ralph Stewart collected Cretaceous fossils near 
the top of this section; according to W. P. Popenoe” these fossils are early Upper 
Cretaceous. Near Castle Mountain the crest of the range is occupied by a syn- 
cline in the late Upper Cretaceous sandstones that rest unconformably on Lower 
Cretaceous shales. Thus, in a distance of less than a mile the entire section of the 
early Upper Cretaceous, at least 8,000 feet thick, exposed along Arroyo Pinoso 
at the north, is missing in the Castle Mountain Range.”? 

The Santa Lucian orogeny also exerted a profound effect on the character 
of the sediments, especially in the Santa Lucia Range. The predominantly fine 
silty sediments of the Jack Creek formation are in strong contrast to the coarse 
detritus of the Asuncion. 

The writer is well aware that there are local disconformities and gaps in the 
late Upper Cretaceous section along the east side of the Diablo Range but he 
wishes to make it clear that these are not directly referable to the Santa Lucian 
orogeny. The writer has observed local disconformities in the Moreno on Los 
Banos Creek and in the north part of the Pacheco Quadrangle. At the latter 


26 W. P. Popenoe, personal communication, 1942. 


27 The structural relations in this region are correctly shown on the extreme northeast end of cross 
section I of the writer’s 1941 sections of the Coast Ranges but unfortunately the Upper Cretaceous 
sediments below the Eocene along Arroyo Pinoso are shown as Asuncion, late Upper Cretaceous, 
whereas the paleontological evidence indicates that they are early Upper Cretaceous. The writer 
wishes to take this opportunity to correct an error largely due to the haste with which these cross 
sections were prepared. The unconformity in the Upper Cretaceous was known to the writer in 1936 
and the information conveyed to R. D. Reed, who refers to it in a footnote on page 11, Structural 
Evolution of Southern California (1936) 
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locality Pholas-bored blocks of Moreno sandstone occur in a local conglomerate 
in the Moreno. None of these breaks can be traced for any distance; they appear 
to be caused by very local warping or possibly even by over-filling of the basin 
by rapidly accumulating sediments. Though locally important, they are much 
later than, and not comparable with, the Santa Lucian orogeny. 

In summary, it may be stated that the diastrophism in the midst of the Upper 
Cretaceous resulted in strong folding, faulting, uplift, and erosion in the Santa 
Lucia and parts of the Diablo Range, but that the Upper Cretaceous sea was 
never completely driven from some areas along what is now the east flank of the 
Diablo Range, where deposition appears to have been continuous. However, in 
the latter region the coarse conglomerates, some containing fossiliferous Upper 
Cretaceous boulders, appear to be the result of Santa Lucian movements to the 
west. 


ASUNCION FORMATION, LATE UPPER CRETACEOUS 


The Asuncion formation is the most widespread and the thickest Cretaceous 
unit in the Santa Lucia Range as well as in the entire Coast Ranges south of San 
Francisco Bay. It contains a fairly abundant fauna that is definitely later than the 
Turonian, but since the fauna has not been completely worked out it is not known 
just how much of the Senonian, Maestrichtian, and Danian is represented. Al- 
though the fauna has not been completely studied enough is known to indicate 
strongly that the late Upper Cretaceous sea in which the Asuncion was deposited 
did not reach all parts of the Santa Lucia Range at the same time. Some of the 
higher parts were not flooded until very late in the Upper Cretaceous. 

The type section of the Asuncion is in the Asuncion Grant, in the southeast 
part of the Adelaida Quadrangle where there are good exposures of all phases 
along Santa Rita Creek, the Templeton-Cayucos road, and on the road past 
Asuncion School. Better type sections are near Bryson and along the Nacimiento 
River in the Bryson Quadrangle, but since both the names Bryson and Nacimi- 
ento already have been used the name Asuncion has been chosen. In the field the 
names “Bryson sandstone” and “Godfrey Flat shales” were used for different 
phases of the Asuncion. 


DISTRIBUTION 


Asuncion sediments are found almost throughout the Santa Lucia Range 
from the south part of the Monterey Quadrangle southeastward to and beyond 
the south limit of the range and from the Pacific Ocean almost to the Salinas 
Valley. They are also widely distributed throughout the Coast Ranges. It is 
believed that by the close of the Upper Cretaceous, the sea covered all of the 
region now occupied by the Santa Lucia Range except the extreme north part, 
the Sierra de Salinas, which was probably a part of Gabilan Island, a compara- 
tively small area probably not more than 80 miles long and 25 miles wide, that 
was never submerged during the Upper Cretaceous. The distribution of the 
Asuncion in the Santa Lucia Range is shown in Figure 7. 
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LITHOLOGIC CHARACTER 


The greater part of the Asuncion is made up of rather coarse biotitic feld- 
spathic sandstone with thin partings of highly carbonaceous shale. Coarse con- 
glomerates are numerous and clay shales and silts occur here and there. In the 
areas that have been mapped by the writer, in the central and south part of the 
range, coarse and fine sediments have been separated in mapping, as the dis- 
tribution of these types gives important information regarding the direction of 
derivation of the detritus. However, they are of comparatively little stratigraphic 
value as conglomerates and sandstones commonly grade in a short distance into 
shales. Rapid lateral variation is especially well illustrated in the north-central 
part of the Adelaida Quadrangle and the south-central part of the Bradley Quad- 
rangle, where the most extensive areas of shale are found. Lateral variation is 
not confined to this locality but is characteristic of the late Upper Cretaceous in 
general. Because of common and abrupt lateral variation it is difficult, and in 
places impossible, to divide the late Upper Cretaceous into lithologic units that 
are satisfactory stratigraphic divisions in any large area. In the opinion of the 
writer it would also handicap the division of the late Upper Cretaceous into 
faunal stages based on foraminifera. Apparent gaps and irregularities in Jocal 
sections might well be the result of the gradation of a shale into sandstone or 
even conglomerate. 

Lenses of conglomerate, or thick zones of alternating sandstone and con- 
glomerate, are common throughout the Asuncion. They are, as a rule, poorly 
bedded, except where there are numerous interbeds of sandstone. No shale- 
matrix conglomerates have been observed. The pebbles, cobbles, and boulders 
are ordinarily subrounded to rather well rounded; the degree of rounding depends 
somewhat on the location and the nature of the rock. The pebbles, cobbles, and 
boulders occur in a sandstone matrix similar to the ordinary sandstones. They 
are generally well cemented with calcium carbonate and minor amounts of iron 
oxide but in breaking the fracture follows around the constituents, not across 
them. In fresh cuts the matrix is blue-gray, weathering to shades of yellow, 
brown and red-brown; on upland surfaces of moderate relief they commonly 
break down and can only be followed by pebbles in the soil. 

The nature of the constituents is fairly constant in rather wide areas but 
varies somewhat with the location, as does the average size of the pebbles. In the 
central and south part of the range there is a very definite increase both in aver- 
age size and amount of Franciscan débris toward the west. There is also a local 
northward increase in average size and proportion of granodiorite cobbles in the 
Bryson and Cape San Martin quadrangles, toward present exposures of large 
areas of granodiorite. 

Nearly everywhere pre-Franciscan débris greatly predominates over Fran- 
ciscan, but there are places, especially along the west side of the central and 
south part of the range, where the Franciscan predominates. 

The pre-Franciscan detritus (Sur series and Santa Lucia granodiorite) consist 
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of various types of porphyries with small phenocrysts of quartz, feldspar, or both 
set in a dense or fine-grained groundmass. Other rocks commonly present are 
recrystallized flow-banded rhyolites, light to dark gray quartzites, white quartz- 
ites, pink to red quartzites, black recrystallized chert, granodiorite (including 
related plutonic rocks), pegmatites, aplites, quartz-mica schists, garnetiferous 
quartz-mica schists, and graphitic marble. Pebbles of Franciscan chert are not 
uncommon and with other Franciscan types, become more abundant on the west. 
Débris of the ferruginous Jack Creek limestones and sandstones are abundant 
in places, particularly in the northeast part of the San Simeon Quadrangle. 

Asuncion conglomerates containing notable amounts of Franciscan-Knoxville 
and some Marmolejo débris occur in the San Simeon and Piedras Blancas quad- 
rangles. In the former, 3-4 miles northeast of San Simeon, there is an isolated 
area of coarse Asuncion sandstones and conglomerates preserved beneath a 
northeast-dipping thrust (cross section AA, Fig. 10). This has a length of 4 miles 
and a maximum width, east and west, of 2 miles. All of the conglomerates contain 
abundant pebbles, cobbles, and boulders of Franciscan-Knoxville chert, basalt, 
diabase, and sandstone, as well as the typical pre-Franciscan assemblage. The 
basal conglomerates, exposed in two places along Little Pico Creek, rest with an 
angular discordance of 35°-45° on steeply dipping Franciscan-Knoxville sedi- 
ments and contain angular to subrounded blocks of Franciscan sandstone up to 
5 feet in diameter; blocks of basalt and diabase up to 3 feet in size also are abun- 
dant as well as well rounded boulders of granodiorite up to 2 feet in diameter. 

In the north part of the Piedras Blancas Quadrangle, at an elevation of 1,350 
feet between Arroyo Hondo and Arroyo de los Chinos, Asuncion sandstones and 
sandy shales rest unconformably on Franciscan sedimentary and volcanic rocks 
with a coarse basal conglomerate containing angular blocks of Franciscan chert 
and sandstone up te 3 feet in diameter; well rounded pre-Franciscan pebbles and 
cobbles also are present. The basal conglomerates pass upward into coarse biotitic 
sandstones and sandy shales, dipping northeast, that continue northeastward 
almost to the top of Pine Mountain, elevation 2,600 feet, where they are over- 
ridden by Franciscan along a northeast-dipping thrust. 

There is abundant evidence to support the statement that the Asuncion be- 
comes coarser and contains a greater amount of Franciscan débris toward the 
west, indicating derivation from that direction, in the south and central part 
of the Santa Lucia Range. 

Certain statements regarding Cretaceous conglomerates in general have ap- 
peared in several published reports that are so at variance with the writer’s ob- 
servations that he wishes to take this opportunity to discuss the subject. Reed*® 
in a discussion of Cretaceous conglomerates in general and those on Quinto Creek, 
on the east side of Diablo Range, in particular, states (page 100): 


The pebbles consist of two types: igneous and metamorphic rocks of different kinds, 


28 Ralph D. Reed, Geology of California (1933), pp. 100-02. 
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derived obviously from older formations; and shale, sandstone, or conglomerate, derived 
from the Cretaceous:itself. If fragments of the second type have fossils, as they occasion- 
ally do, the fossils belong to approximately the same horizon as the conglomerate bed in 
which they occur. 


Also on pages 101 and 102 he states: 


The occurrence of Cretaceous pebbles in Cretaceous strata has been noted by many 
observers. The pebbles comprise angular shale fragments, and angular to subangular 
fragments of well-cemented sandstone which may be fine-grained or pebbly, fossiliferous 
or barren. 


He then refers to the Quinto Creek conglomerates and suggests that the Creta- 
ceous débris in the sandstones and conglomerates came from “superficial portions 
of already deposited beds which became cemented almost contemporaneously 
with deposition.” In the first quotation Reed refers to Cretaceous conglomerates 
in general, in the second to a specific locality. However, he implies that Creta- 
ceous débris may be abundant in Cretaceous conglomerates at any horizon and is 
the expected, not the exceptional phenomenon. Furthermore, he states that 
fossiliferous boulders contain fossils that belong to approximately the same hori- 
zon as the conglomerate bed in which they occur. These statements are so op- 
posed to the observations of the writer that he must take exception to them. 

Cretaceous shale fragments are, in places, abundant in Cretaceous sandstones 
and conglomerates at any horizon. Shale flake sandstones and conglomerates are 
also common in the Franciscan-Knoxville and in the Lower Cretaceous. However, 
the presence of fossiliferous boulders of Cretaceous sandstone and conglomerate 
do not occur indiscriminately at any horizon and the fossils are not of approxi- 
mately the same horizon as the conglomerate bed in which they occur, unless by 
“the same horizon” is meant the Upper Cretaceous as a whole. Upper Cretaceous 
débris, in some places fossiliferous, does occur in Upper Cretaceous conglomerates 
but the occurrence is not without meaning and does not take place at any horizon. 
Such occurrences have been referred to previously; they are the result of the 
Santa Lucian orogeny. 

The phenomenon mentioned by Reed (p. 102) on Quinto Creek is of common 
occurrence in the thick conglomerate lenses in the midst of the Upper Cretaceous 
and is caused by submarine slumping, the result either of the rapid dumping of 
coarse detritus on unconsolidated muds or the result of contemporaneous earth- 
quakes. 

The often repeated statement that Upper Cretaceous conglomerates are com- 
monly filled with contemporaneous Upper Cretaceous débris is a fallacy that 
bids fair to be accepted as an established fact through repetition in print. It is a 
minor example of what has been so aptly called “the indestructibility of error” by 
Simpson.” 

a ae Gaylord Simpson, “Mammals and the Nature of Continents,” A mer. Jour. Sci., Vol. 241, 


No.1 (1043 , Pp. 1-31, particularly the discussion of the Hipparion-bridge and accordion continents, 
pp. 22-27 
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By far the greater part of the Asuncion is made up of fine- to coarse-grained 
biotitic feldspathic sandstones; these also form the matrix of the conglomerates 
and occur as thin interbeds in the shales. They are commonly cross-bedded and 
give every indication of having been deposited in shallow water; apparently they 
are all marine. Ordinarily they are firmly cemented with calcium carbonate, gen- 
erally somewhat ferruginous; although well cemented they break around rather 
than across the grains. The degree of cementation of the sandstones (and the con- 
glomerates as well) varies considerably but may be correlated roughly with the 
intensity of deformation. In regions where the beds have been strongly folded, 
faulted, and, consequently, greatly jointed, they are, nearly everywhere, much 
more firmly cemented than in areas of relatively low dips. In areas where the dips 
are comparatively low the sandstones, particularly those interbedded with shales, 
may be so poorly cemented as to be loose and friable. The degree of cementation 
appears to be a function of the ease of penentration of former ground waters 
~ containing substances, chiefly calcium carbonate, in solution. 

On fresh surfaces, they are gray to blue-gray, weathering to shades of brown 
and red-brown on oxidation of the iron. Although they generally have a much 
higher biotite content than the Franciscan sandstones it is in places difficult to 
differentiate them where both are deeply weathered. They differ from the Fran- 
ciscan sandstones in that there has been no recrystallization of the finer clayey 
constituents except locally along exceptionally strong zones of folding and fault- 
ing, or where they have been very deeply buried. Thin interbeds of silty shale are 
not uncommon; both the shales and the sandstones contain abundant small car- 
bonized plant fragments. 

Almost all the sandstones support a heavy plant growth and make up most of 
the densely brush-covered areas in the range. This is in striking contrast to the 
comparatively barren areas underlain by the Jack Creek shales; the contrast in 
cover is shown in Figure 15. 

The writer is indebted to C. E. Van Gundy and C. L. Goudy for 19 mineral 
and 6 mechanical analyses of Asuncion sandstones from the Adelaida Quadrangle; 
these are shown in Table II and Figure 16. Although these analyses are from a 
stratigraphic thickness of fully 5,000 feet and are representative of the Asuncion 
sandstones in a zone along the east side and a part of the crest of the Santa Lucia 
Range, through the Adelaida, Bradley, and Bryson quadrangles, they can not 
be considered as representative of the Asuncion in all localities. Mineral analyses 
transverse to the range, instead of parallel with it, undoubtedly would show 
greater differences in the heavy separates than the examples shown in Table IT. 
Since the conglomerates show a marked increase in the proportion of Franciscan- 
Knoxville débris toward the west it is more than probable that the heavy sepa- 
rates would show a corresponding increase in characteristic Franciscan-Knox- 
ville minerals. One reason for the scarcity or absence of characteristic schist min- 
erals such as glaucophane actinolite, lawsonite, practically pure albite, zoisite, 


pargasite, and epidote is the fact that there are only a few small areas of pneu-. 
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matolytic contact-metamorphic schists in the Franciscan-Knoxville in the south 
part of the range. Actinolite, present here and there, and some of the sphene may 
have been derived from the pneumatolytic schists; any of the other minerals 
might have been derived by a reworking of Franciscan-Knoxville sandstones as 
well as directly from granodiorites and crystalline schists. 

Standard procedure was followed in making the mineral and mechanical 
analyses; 150-250 grams of each sample were broken into pieces approximately 


Fic. 15.—Typical exposures of Jack Creek shales and Asuncion sandstones. Practically barren, 
rolling foreground is underlain by shales; brush-covered ridge in background is made up of sandstones. 
Locally there is a fault between shales and sandstones. Central part of Adelaida Quadrangle. 


3-inch in diameter and then treated with hydrochloric acid to dissolve the cal- 
careous and ferruginous cementing material. After thorough washing and drying 
the material was run through 2-, 1-, }-mm. and 80- and 150-mesh sieves. Histo- 
grams were constructed from the weights of the individual fractions. The }-mm. 
to 80-mesh fraction was separated into light and heavy constituents by bromo- 
form having a specific gravity of 2.9. The percentage of minerals in the heavy 
separate was computed on the actual count of 150 grains or more; in the light 
separate by count and estimate of 100 grains or more. Heavy separates range 
from 0.20 to 2.24 per cent and average 0.63 per cent; of this 9.6 per cent is 
biotite. However, biotite is much more abundant in the sandstones than would 


} 

| 

| 

(Vis 

\ 


NICHOLAS L, TALIAFERRO 


I ‘99S 

*QUO}SPULS *[OOYIS Jo “MN ‘Sa[TU FI Jo OL Lz ‘Sz ‘Or 
“VI ‘90S “AN ‘EMS “A OLY Lz “VI 


*9UO}SPULS jo “MS 3993 OSL “| Ir Lz IE “or 
PappeqiezUl “QI *MS “A ITY “S Lz ‘BI “9 


‘BUOJSPULS BSIBOD “OX ‘I9UIOD “YN JO 399} 006 pue *M 399} OL “Y “SG Sz “1 
adA} 9y} 94} ‘Jo JO ‘UI OI 03 S BION] 94} Jo eplejspy 24} ae 
“SMO[[OJ SB PIIpNys 94} Jo 
“pig? 


*quasalg 

d d d q 6 d d 
d d d d d d Lt 
I'l gs o'r d d d 3° ae d d $°s d 
d d d 
d 
d d d ayjounsy 
%oor paynguor 
Kavayy 
or vr 6 6 6 6 8 6 or g 6 v1 YIOY 
z I I I I I £ z I I £ 
$1 v 9 II 9 or g or v 6 gt gt 4 
zr 6 or 6 6 or vr or 6 Sr It SI Ir 1G TY 
9 or L 6 or g L or 8 or 9 or g 9 
gz of Sz oz $z Sz of of Sz oz Sz Sz of €z Sz of ov se se of redsp]?j [230 
Sg Sg 09 Sg °9 09 So s¢ So $9 °9 os os os ss 
= 61 gt 41 gr St II or 6 g 9 v ¢ z I 


14317 


SANOLSGNVS NOIONASY 


| 
492 
| 
8 
| 
| | | 
| | 
| 
| 
33 
Ss 3 
n 
5.8 
i O's 
bo 
4 
na 
a 
ou 
0.9 
a 
r= 
° 
— 
BU 
4 as 
64 
ao 
| 


CRETACEOUS OF SANTA LUCIA RANGE, CALIFORNIA — 493 
be indicated by this figure. Large flakes are abundant practically everywhere in 
the sandstones. 

As shown in Table II the average quartz and feldspar content of 19 sand- 
stones from the Adelaida Quadrangle is 60 and 28 per cent, respectively. This is 
very similar to the same averages for 12 Franciscan sandstones from the same 
region (61.7 and 30.4 per cent) but Jower in feldspar and higher in quartz than 
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Fic. 16.—Mechanical analyses of Asuncion sandstones from Adelaida Quadrangle. 1, 2, and 3 
by C. E. Van Gundy from north part of quadrangle; 6, 10, and 16 by C. L. Goudy from southeast 
part of quadrangle. 


the general average for 17 Franciscan sandstones (56.2 and 37.1 per cent).®° There 
are not enough published mineral analyses of Upper Cretaceous sandstones to 
justify a positive statement as to regional variation in the quartz-feldspar ratio 
but from the few analyses available and from purely megascopic examinations, 
which can not be greatly relied upon, it does not appear that there is any sig- 


30 N. L. Taliaferro, “The Franciscan-Knoxville Problem, California,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 27, No. 2 (February, 1943). 
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nificant or regular change from one part of the state to another. In other words, 
Upper Cretaceous sandstones appear to be fairly uniform in mineral composition. 

The only noteworthy difference in the mineral analyses of the 19 Asuncion 
sandstones shown in Table II and those of 12 Franciscan sandstones from the 
same region is in the biotite content. Even though it is assumed that all of the 
chlorite in the sandstones came from biotite originally, still the Cretaceous sand- 
stones contain at least twice as much as the Franciscan. Field observations also 
show that the Cretaceous sandstones contain a much larger percentage of biotite; 
where both are deeply weathered this is a fairly satisfactory means of differentiat- 
ing them. 

The individual grains of the sandstones are predominantly subangular but 
many are subrounded or even fairly well rounded, probably the result of wave 
action in the basin of deposition. The feldspar grains are not as fresh, on the 
average, as those in the Franciscan sandstones; orthoclase shows partial, or even 
fairly complete, alteration into kaolin. The plagioclase is somewhat altered but 
is ordinarily fresher than the orthoclase. The mineral assemblage indicates deri- 
vation from a crystalline source, largely granodiorite, quartz-mica schists and 
garnetiferous quartz-mica schists. As previously stated, it is believed that min- 
eral analyses of Asuncion sandstones farther west would show a greater propor- 
tion of Franciscan débris as Franciscan pebbles become more abundant in that 
direction. The general lack of rounding and the alteration of some of the feldspars 
indicate that mechanical disintegration predominated, but that there was a cer- 
tain amount of chemical weathering. The great abundance of carbonized plant 
remains shows that the land area supplying the detritus was well wooded. The 
conditions were somewhat similar to those prevailing during the deposition of 
the early part of the Franciscan but the relief of the land area does not appear 
to have been as great or the climatic conditions so rigorous. 

Reed* states: 

In summary, the sandstone of the Cretaceous is remarkably uniform in lithology and 
shows ample evidence of derivation in largest part from areas composed dominantly of 
granitic rock. The facts so far brought to light fail entirely to give aid and comfort to the 
holders of the hypothesis that upthrust Franciscan “blocks” contributed in any notable 
degree to the detritus of the Cretaceous sea. 


The writer is in agreement with the first sentence. However, the relatively 
large amount of Franciscan material in the Asuncion conglomerates in the west 
part of the Santa Lucia Range and the east side of the Diablo Range is convincing 
evidence that, in some places, Franciscan areas contributed detritus to the Upper 
Cretaceous sea. These areas, however, were not necessarily upthrust fault blocks. 

A Franciscan area of considerable extent stood above sea-level west of the 
present coast line along the central and south part of the Santa Lucia Range, at 
least during the deposition of the early part of the Asuncion. Another elevated 


31 R. D. Reed, Geology of California, p. 104. 
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area underlain by Franciscan rocks was in what is now the north-central part of 
the Diablo Range; however, this latter area appears to have been completely 
submerged before the close of the Cretaceous. 

Six mechanical analyses are shown in Figure 16; the numbers refer to the sand- 
stones in Table II. The histograms indicate that the sandstones, especially those 
of medium grain, are fairly well sorted and contain little clay. However, this is 
not true of all Upper Cretaceous sandstones. Reed® states that the few mechani- 
cal analyses available (at the time, 1933) agree in showing a rather low degree of 
sorting, similar to Goldman’s delta types.** No such similarity exists, however, 
between the latter and the mechanical analyses shown in Figure 16. The histo- 
grams of the Asuncion sandstones show much greater similarity to Goldman’s 
lagoon and open-ocean types than to delta types. Undoubtedly, a large number 
of mechanical analyses of Upper Cretaceous sediments from many localities would 
show characters indicating deltas, estuaries, lagoons, and open oceans as all such 
conditions probably existed. Reiche* states that the deltaic deposition of the 
Upper Cretaceous of the Lucia Quadrangle is suspected but not proved. Some 
of these sediments may have formed on deltas but the glauconitic silts, described 
by Reiche, are hardly likely to have formed in such an environment. However, 
both the histograms and the fauna of the Asuncion in the central and south part 
of the Santa Lucia Range indicate deposition in the open ocean. 

No mineral or mechanical analyses have been made of the Asuncion silts; 
however, the sandstones interbedded with, and grading into them are identical 
with the sandstones just described. Some of the silty shales of the Asuncion are 
very similar in appearance to the Jack Creek shales except that the former are 
somewhat sandier in general and contain a larger proportion of interbedded sand- 
stone. They are entirely lacking in shale-matrix conglomerates. Foraminifera are 
abundant in the Asuncion shales but scarce or lacking in the Jack Creek. 

The thin shale partings in the massive sandstones are ordinarily very sandy 
and highly carbonaceous; they are generally light to dark gray in color, shading 
into black with an increase in plant material. In areas made up predominantly of 
alternating shales and thin sandstones the prevailing color of the exposures is dark 
gray to black. Areas in which shales predominate over sandstones, especially 
where the folding has not been extreme, are generally of moderate relief and rela- 
tively free from brush. Typical examples of such areas are: Godfrey Flat, north 
part of the Adelaida Quadrangle, and Bear Trap, Oak, and Italian Flats in the 
Bryson Quadrangle. The Jargest area of shales in the Asuncion formation is in 
the north part of the Adelaida and the south part of the Bradley quadrangles; 
here shales predominate in a stratigraphic thickness of approximately 1,500 feet. 


3 R. D. Reed, of. cit., p. 104. 

33 Marcus I. Goldman, “‘The Petrography and Genesis of the Sediments of the Upper Cretaceous 
of Maryland,” Maryland Geol. Survey, “Upper Cretaceous,” Vol. 1 (1916), pp. 111-82. 

* Parry Reiche, “Geology of the Lucia Quadrangle, California,” Univ. California Pub., Bull. 
Dept. Geol. Sci., Vol. 24, No. 7 (1937); P- 144. 
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In the centra] and south part of the range the distribution of the Asuncion 
shales is significant. The thickest and most extensive areas of shales are found in 
the most easterly exposures of the late Upper Cretaceous. Although coarse sand- 
stones and even conglomerates occur in the same region the increase in the pro- 
portion of shales toward the west is regarded as due, at least in part, to greater 
distance from the source. 

The writer previously (1941, 1943) has discussed the question of a land mass 
such as “Salinia” during the Mesozoic and has presented evidence against its 
existence. The distribution of shale in the Asuncion is regarded as additional evi- 
dence. If “Salinia” stood as a land mass during the Asuncion there should be a 
general increase in grain size toward its borders. No such increase exists. In 
the south part of the Santa Lucia Range there is a definite decrease in the pro- 
portion of coarse clastics from west to east, toward, not away from, the west 
margin of this hypothetical land mass. Furthermore, there is a large proportion 
of shale in late Upper Creatceous beds north of Parkfield, 25 miles northeast, on 
the supposed eastern Yorder of ‘‘Salinia.” 

Although there is abundant evidence, from deep wells, proving the absence of 
both Franciscan-Knoxville and Cretaceous rocks from the Gabilan Mesa, there are 
thick sections of both on its immediate borders (which correspond with the 
borders of ‘‘Salinia’’) in the general latitude of the central and south part of the 
Santa Lucia Range. Furthermore, in the north part of the range there are exten- 
sive areas of Cretaceous sediments well within the limits of “Salinia.”’ 

In the opinion of the writer there still existed, in the Upper Cretaceous, a 
broad seaway across the Gabilan Mesa (“Salinia”) into the interior of California. 
At the beginning of the deposition of the Asuncion there appear to have been 
islands along the present trend of the crest of the Diablo Range, but it is believed 
that even these were completely submerged by the close of the Cretaceous. The 
only area, within the limits of “Salinia” as originally defined,® that probably 
stood above sea-level throughout the Upper Cretaceous, was the present site of 
the Gabilan Range and the Sierra de Salinas. The scanty evidence for this land 
area, Gabilan Island, will be reviewed. 

Less information is available regarding the distribution of coarse and fine 
clastics in the north part of the Santa Lucia Range because so much of the Cre- 
taceous has been removed or covered by Tertiary sediments. However, from the 
areas still remaining certain tentative conclusions may be reached. Reiche* states 
that in the Lucia Quadrangle, about 35 miles southeast of the north end of the 
range: 

It appears that the bulk of the Chico was laid down in a sea advancing rather rapidly 
from the southwest. High relief of the surface thus covered is suggested by the great 
variation in thickness of the basal conglomerate, and by its coarseness in the southern part 
of the area. 


35 R. D. Reed, op. cit., pp. 12, 31, and 292 and Figures 6 and 20. 
% Parry Reiche, op. cit., p. 143. 
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Fossil evidence indicates that these “Chico” beds are Asuncion. An examina- 
tion of the sections given by Reiche also indicates an increase in fine sediments 
toward the northeast. The incomplete section at Deer Pasture (most northwest- 
erly section) shows a considerably greater proportion of shale than sections on 
the southwest. On the east, in the Junipero Serra and King City quadrangles, the 
Upper Cretaceous is predominantly coarse sandstone, indicating an increase in 
grain in this direction. Although the evidence afforded by these isolated areas of 
Upper Cretaceous sediments can not be regarded as conclusive, it indicates a gen- 
eral decrease in grain from the southwest, followed by a general increase toward 
the west, tending to show that there was a land mass north and east of the King 
City Quadrangle. 


THICKNESS OF ASUNCION 


Two factors militate against the preservation of a complete section of the 
Asuncion: (1) intense diastrophism during the Tertiary, especially in the late 
Pliocene, resulting in strong folding and faulting, the removal of large areas of 
the Cretaceous and their burial beneath thrusts; (2) the deposition of thick 
Tertiary sediments over much of the region. The base is exposed in many places 
but the writer never has seen any sediments he could be sure represented the 
original top. Furthermore, even in sections in which the base is exposed, the upper 
part either has been cut off by faulting or buried beneath later sediments. A con- 
tinuous section has not been found in which both the base and what could be 
considered even the approximate top are exposed. 

The thickest section in the central and south part of the range is exposed in 
the Bryson Quadrangle west of the Nacimiento River, a little north of the Shut 
In, where there is a continuous section, that does not appear to be faulted, fully 
6,000 feet thick, chiefly coarse sandstones and conglomerates. Neither top nor 
bottom is exposed. On the west the section is bounded by a high-angle thrust fault 
that brings the Franciscan over the Asuncion and on the east, along the Nacimi- 
ento River it is overlain by Tertiary land-laid redbeds, fully 3,000 feet thick and 
filled with coarse débris from the Asuncion. 

In the north part of the Adelaida Quadrangle Asuncion sandstones and silts 
are exposed in an anticline that is ro miles northeast of the crest of the range. 
On the southwest flank of the anticline more than 4,500 feet of late Upper Cre- 
taceous sediments are exposed. The base is not visible and the Cretaceous is un- 
conformably overlain by the Paleocene, ana redbeds, and Vaqueros (lower 
Miocene). 

In the southeast part of Adelaida Quadrangle there is a continuous steeply 
dipping section along Jack Creek 4,800 feet in thickness. The base, resting on 
Jack Creek shales, is exposed, but both Upper Cretaceous units are overlain by 
the Vaqueros, with a basal conglomerate containing Pholas-bored blocks of both 
formations, which transgress more than 7,000 feet of — Cretaceous sediments 
in a distance of 3 miles. 
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In the Lucia Quadrangle, Reiche estimates that the Upper Cretaceous has 
a maximum thickness of 6,000 feet; however, the thickest measured section is 


4,270 feet. 
Practically all that can be said definitely is that the maximum thickness of 


Fic. 17.—Typical exposure of Asuncion sandstone along upper part of 
Nacimiento River, Bryson Quadrangle. Photo by C. L. Heald. 


the Asuncion is greater than 6,000 feet. The writer is of the opinion that the 
original thickness was considerably greater, an opinion based on the relations in 
the vicinity of the 6,o00-foot section in the Bryson Quadrangle. The base is 
not exposed and there is no direct means of estimating the thickness of the lower 
part beneath the fault; it is believed to be considerably in excess of 1,000 feet. 
Along the Nacimiento River in this region the Asuncion is overlain by a thick 
section of Tertiary redbeds that contain many heavy conglomerates filled with 
angular blocks of the Asuncion sandstones and conglomerates. The volume of 
reworked Cretaceous in these beds is remarkable and indicates extensive erosion 
of the earlier sediments. It is believed that the original maximum thickness must 
have been close to 10,000 feet. 


| 


‘ 
| 


CRETACEOUS OF SANTA LUCIA RANGE, CALIFORNIA 499 


Little can be said regarding original variation in thickness but there is 
some evidence that it might have been considerable. Unlike the sea in which 
the Jack Creek was deposited, and which spread over an area of low relief, the 
Asuncion sea advanced over a region of considerable relief. As is shown in the 
discussion of the fauna, there is some evidence that the advancing sea first flooded 
the lower areas, the higher areas not being covered until well along in the deposi- 
tion of the Asuncion. No quantitative figure is obtainable that would give even 
an approximate value for the original variation in thickness. 


ALTERATION OF ASUNCION 


In general the Asuncion is little altered and it is clear that, although it com- 
monly stands at high angles and is even overturned, the deformation took place, 
in most places, under a comparatively shallow cover, probably rarely more than 
5,000 feet. However, there are local areas where the Asuncion has been somewhat 
altered with the development of a slight slaty cleavage in the shales. This change 
ordinarily occurs in comparatively narrow zones and appears to be related to 
zones of faulting. A good example occurs along the coast in the vicinity of 
Slate’s Springs, Lucia Quadrangle, where the sandstones are somewhat crushed 
and the shales are slightly slaty. In places the shales and sandstones appear as 
though welded together. Fairbanks*” was so impressed with the apparent meta- 
morphism of these fossiliferous beds that he considered them to be Franciscan; he 
states as follows. 

The sandstone matrix is so metamorphosed as to resemble a crystalline rock. At 
Slate’s Springs the conglomerate is followed upward by sandstones, slaty shales, and 
jasper. The whole series is considerably metamorphosed and all the members filled with 
ramifying quartz veinlets. The shale in its metamorphism has assumed the appearance of 
a fine-grained mica schist. 


C. H. Davis** also called the beds slates, referred them to the Franciscan and of- 
fered fossil evidence that they are Jurassic. 

Nomland and Schenck have reviewed the evidence and collected fossils from 
the same locality and have shown the beds described by both Fairbanks and Da- 
vis to be late Upper Cretaceous.*® As has been shown by Reiche,*° the apparent 
recrystallization of the Upper Cretaceous at Slate’s Springs is the result of intense 
local crushing along a fault zone. 

Both Fairbanks and Nomland and Schenck mention the presence of chert in 
the beds at Slate’s Springs. The writer wishes to take this opportunity to state 


37H. W. Fairbanks in the z2th Ann. Rept. of the State Mineralogist (Sacramento, California, 
1893-94); P. 519. 

38 C. H. Davis, “New Species from the Santa Lucia Mountains, California, with a Discussion of 
the Jurassic Age of the Slates at Slate Springs,” Jour. Geol., Vol. 21 (1913), pp- 453-58. 

39 J. O. Nomland and H. G. Schenck, “Cretaceous Beds at Slate’s Hot Springs, California,” 
Univ. California Pub., Bull. Dept. Geol. Sci., Vol. 21 (1932), PP- 37-49- 


40 Parry Reiche, of. cit., p. 142. 
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emphatically that he never has seen any contemporaneous deposits of chert in 
any part of the Upper Cretaceous. This statement is based on detailed studies of 
a number of areas and on reconnaissance trips to most of the Upper Cretaceous 
localities in the state. The beds at Slate’s Springs are intensely faulted, locally 
silicified, and extensively veined. The jasper or chert reported at this locality is 
the result of imbrication along a thrust fault, small slices of true Franciscan being 
present along the fault, and to local silicification of the shales. 

There are other areas where the Asuncion has been rendered somewhat slaty 
either by faulting, strong folding, or both. Another area is on San Miguel Creek 
in the Cape San Martin Quadrangle where beds consisting of alternations of 
sandstones and shales present the same general appearance as those at Slate’s 
Springs, the result of close folding and faulting. 

In places, especially along faults, the Asuncion is extensively veined with 
both quartz and calcite. These are commonly very small gash veins that can be 
traced but a few inches or feet. However, in the central part of the Bryson Quad- 
rangle there are fairly large veins of coarse-grained calcite, containing cinnabar 
and pyrite along a transverse fault in the Asuncion. This has been described 
briefly by Eckel, Yates, and Granger* who state: 

_ The rocks exposed in the vicinity of the mine consist of coarse-grained conglomeratic 
sandstone and shale and siltstone. All are of Late Cretaceous age. The principal struc- 
tural feature is a northeastward trending fault zone which brings coarse-grained sandstone 


on its southeast side against shale on the northwest. According to Taliaferro (personal 
communication) this is a tear fault that extends between two major northward-trending 


thrust faults. 


Cinnabar occurs as crusts in the fault breccia and in calcite veins along the 
fault. The writer has traced this fault, which trends N. 63° E., more than 4 miles. 
Near its northeast end it offsets the Asuncion-Vaqueros contact a distance of 
approximately 1,000 feet. The movement appears to be chiefly horizontal, the 
south side having moved northeast with respect to the north side. Aside from the 
veins and the mechanical brecciation along the fault, the Asuncion is completely 
unaltered. Many similar transverse tear faults cut the Upper Cretaceous but 
they produce no alteration, other than brecciation. This is in striking contrast to 
the alteration found along the much stronger northwest-trending thrust faults. 

In a few places the Asuncion is hydrothermally altered, also along thrust 
faults. The best example of this type of alteration, which kaolinizes the feldspar, 
develops considerable sericite, and changes the color of the sandstones to white, 
occurs in the San Simeon Quadrangle on the North Fork of Pico Creek, 13 miles 
southeast of Blackoak Mountain. 

The entire Cretacéous of the Santa Lucia Range is remarkably free from con- 
temporaneous igneous activity. There is no evidence anywhere of any interbedded 
pyroclastic rocks and there are no intrusives of Cretaceous age. Fairbanks re- 


41 E. B. Eckel, R. G. Yates, and A. E. Granger, “Quicksilver Deposits in San Luis Obispo County 
and Southwestern Monterey County, California,” U.S. Geol. Survey Bull. 922R (1941), pp. 579-80. 
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ported that the long line of quartz prophyry plugs extending from San Luis 
Obispo westward to Moro Rock were intruded during the Cretaceous, but since 
they do not cut the Cretaceous anywhere in that region the evidence is not con- 
vincing. Identical quartz porphyry plugs occur in similar elongate zones in sev- 
eral places in the Adelaida and San Simeon quadrangles where they intrude 
everything up to the middle Miocene. They evidently ascended through wet 
Miocene sediments as they show increasing autobrecciation upward, finally 
breaking through onto the sea floor; trains of débris from the plugs are inter- 
bedded with middle Miocene shales and later shales pass uninterruptedly across 
the plugs. These plugs, like those in San Luis Valley, were intruded during the 
Miocene. 

In summary, it may be stated that the Asuncion, although strongly folded, 
faulted, and lithified, and commonly standing at high angles, is practically un- 
altered except along thrust zones or in regions of exceptionally tight folding. 
There was no contemporaneous igneous activity. This statement holds true for 
the Jack Creek formation also. 


FAUNA AND AGE OF ASUNCION 


Although the Asuncion is the most fossiliferous of all the Cretaceous units in 
the Santa Lucia Range, fossils are far from common except locally at certain 
horizons, where they may be very abundant. In the course of 12 years’ work in 
the region many fossiliferous localities have been discovered, extending from the 
southeast part of the Adelaida to the northeast part of the Cape San Martin 
Quadrangle, nearly 50 miles. Fossils also have been collected by Reiche in the 
Lucia Quadrangle, by Nomland and Schenck near Slate’s Springs in the same 
quadrangle, and by Trask in the Point Sur Quadrangle. Fossils, therefore, have 
been found in the Asuncion almost the entire length of the range. 

Determinable fossils do not occur in the entire thickness of the Asuncion but 
are confined to the upper 1,500-2,500 feet, with the exception of an area in the 
northeast part of the Cape San Martin Quadrangle where only the upper part ap- 
pears to be represented. Fossils have been found in several localities in the 
lower part, notably along Jack Creek and Dover Canyon, but all are casts of 
small, apparently unornamented pelecypods that, according to B. L. Clark, are 
indeterminate. Their only value is to indicate that the sediments are marine. It 
is unfortunate that the lower part of the Asuncion is practically unfossiliferous; 
however, since the Jack Creek, on which the Asuncion rests unconformably, is 
known to be Upper Cretaceous in age there can be no doubt that the lower part of 
the Asuncion is also Upper Cretaceous. 

Fossils occur rather abundantly in three main areas in the central and south 
part of the range: (1) along the road east of Asuncion School, in the Asuncion 
grant, a few hundred feet below the Vaqueros contact; (2) throughout the north 
part of the Adelaida, the south part of the Bradley and the southeast part of the 
Bryson quadrangles; (3) in the northwest part of the Bryson and the north part 
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of the Cape San Martin quadrangles. It is only along the belt in which these areas 
lie, east of the crest of the range, that the upper part of the Asuncion is preserved. 

Practically all of the many individual localities in these three general areas 
have yielded the same fauna; faunal lists from practically all localities where rea- 
sonably complete collections have been obtained and where the sediments are 
lithologically the same are essentially the same. The three commonest species 
found in practically all localities where sandstones predominate, in order of their 
abundance, are: Glycymeris veatchii Gabb, Turritella chicoensis Gabb, sub sp. 
perrini Merriam, and Turritella chaneyi Merriam. Shale and silt faunas rarely 
contain these forms. However, fossiliferous sandstones and conglomerates clearly 
pass into shales; faunal differences appear to be due to environmental conditions 
of deposition rather than to age. 

Probably less than half of the fossils collected has been determined, even 
generically, but it is believed that a sufficient number have been identified posi- 
tively to afford a reasonable basis for a broad correlation with both the Santa 
Ana Mountains and the west side of the San Joaquin Valley. 

The writer is indebted to Alex Clark, B. L. Clark, and H. G. Schenck for the 
following composite list of fossils from the upper part of the Asuncion in the Ade- 
laida, Bradley, Bryson, and Cape San Martin quadrangles. 


Acila (Truncacila) demessa Finlay, Schenck Ostrea sp. 

A phrodina nitida Gabb Parapachydiscus sp. 

Astarte cf. lapidis Packard Polinices sp. 

Brachydontes n. sp. Pugnellus (Conchothyra) hamulus Gabb 
Clisocolis dubius Gabb Septifer n. sp. 

Coralliochama cf. orcuta White Tessarolax distorta Gabb 

Crassatella n. sp. Trigonarca n. sp. 

Cucullaea n. sp. Trigonocallista varians Gabb 
Dentalium cf. cooperi Gabb Turritella chaneyi Merriam 

Glycymeris veatchit Gabb Turritella chicoensis Gabb, sub. sp. perrini Mer- 
Inoceramus cf. whitneyi Gabb riam 

Nemodon n. sp. Volutoderma averilli Gabb 


Opus triangulata Cooper 


This list consists of 24 genera, 15 definitely determined species, 3 referred 
species, and 6 that are regarded as new species. In addition there are trigonias, 
baculites, brachiopods, at least 3 genera of ammonites, as well as pelecypods and 
gastropods that have not been determined. This material is in the Museum of 
Invertebrate Paleontology, University of California, Berkeley. 

As previously stated, fossils are abundant only in the upper part of the Asun- 
cion, the lower containing only indeterminate casts. This is true except in the 
north and northeast part of the Cape San Martin Quadrangle where fossils ex- 
tend almost to the base of the Asuncion. However, the fauna in this locality is 
identical with that occurring far above the base at the southeast, the beds being 
essentially the same lithologically and, while not continuously traceable, both 
localities lie along the same trend and in the same belt; both are thought to rep- 
resent the same general stratigraphic horizon. It is significant that the con- 
glomerates become coarser northwest and contain large blocks of granodiorite, 
schist, and marble, which are exposed in the Cape San Martin, Junipero Serra, 
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and Lucia quadrangles. It is believed that, in the region where fossils extend 
practically to the base, the sea in which the Asuncion was deposited did not reach 
the higher areas of crystalline rock until comparatively late in Asuncion time. The 
thick section, beneath the fossiliferous beds, on the southwest, south, and south- 
east is not represented locally. This area may have lain on the southwest edge of 
Gabilan Island, which continued to shrink in size as the late Upper Cretaceous 
sea advanced northeast. 

In the ensuing discussion of the age and possible correlation of the Asuncion, it 
must be remembered that it is only the age of the fauna, well up in the Asuncion, 
that is being considered. The age of the 3,000 to possibly 6,000 or 7,000 feet be- 
neath the fossiliferous horizons can only be determined by inference and by com- 
parison with other areas and by relation to the Jack Creek formation. 

According to B. L. Clark, this fauna contains a great many genera and species 
in common with the so-called “Garzas fauna,” the highest Cretaceous along the 
west side of the San Joaquin Valley, north of Coalinga, and in his opinion is 
unquestionably of the same age. This statement has been read and approved by 
Clark. 

It is to be regretted that W. P. Popenoe, who has done so much careful work 
on the fauna of the Upper Cretaceous, has not had the opportunity of studying 
this material. However, the writer has compared the list here given with Pope- 
noe’s list from the Santa Ana Mountains” and is struck with the similarity 
of the Santa Lucia material with all the divisions of Popenoe’s Glycymeris veatchii 
fauna. Only one of the species in the writer’s list extends downward into Popenoe’s 
Glycymeris pacificus fauna. This is Opus triangulata Cooper which is reported 
from 6 localities in the G. veatchii zone and from one near the top of the G. pacificus 
zone. However, this is not regarded as particularly significant since it is only 
reported as a referred species (O. sp. cf. O. triangulata) in Popenoe’s list. Only one 
of Popenoe’s very abundant fossils, and one which gives its name to the lowest 
division of the Glycymeris veatchii fauna does not appear on the list given here. 
This is Turritella chicoensis. Regarding this omission a word of explanation is 
necessary. 7’. chicoensis repeatedly has been reported to the writer in many of the 
Asuncion collections but since it is not reported by Merriam, who had access to 
all of the collections, it has been omitted. Some of the very abundant Asuncion 
turritellas may very well be the same as T. chicoensis in the Santa Ana Mountains. 

At present it is impossible to attempt any subdivision of the G. veatchii fauna 
in the Santa Lucia Range similar to the divisions in the Santa Ana Mountains 
because of the great difference in the structural conditions in the two regions. In 
the Santa Lucia Range, and especially in the general belt in which the fossils 
occur, the Cretaceous is strongly folded and faulted and commonly unconforma- 

# Willis P. Popenoe, “Upper Cretaceous Formations and Faunas of Southern California,” Bull. 


Amer. Assoc. Petrol. Geol., Vol. 26, No. 2 (1942), pp. 162-87, especially the check list, Fig. 4, and the 
columnar sections, Fig. 3. 


48 C. W. Merriam, “Fossil Turritellas from the Pacific Coast Region of North America,” Univ. 
California Pub., Bull. Dept. Geol. Sci., Vol. 26 (1941), pp. 1-214. 
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bly covered by Tertiary sediments. Because of great structural complexity and 
rapid lateral gradation of lithologic types it is impossible to arrange the localities 
in any definite stratigraphic order as was done by Popenoe in the little disturbed 
section in the Santa Ana Mountains. The only statement that can be made is that 
the fossil collections come from the upper 1,500—2,500 feet of Asuncion sediments. 

Although only a part of the Asuncion fauna has been determined the great 
similarity between it and the Glycymeris veatchii fauna is regarded as highly sig- 
nificant. Furthermore, the Asuncion fauna certainly appears to be identical with 
the Garzas fauna (upper part of the Moreno) along the west side of the San Joa- 
quin Valley. The writer feels justified in correlating, at least tentatively, the 
Asuncion fauna, as listed here, the Garzas fauna, and the Glycymeris veatchii 
fauna of the Santa Ana Mountains. It is not believed that any attempt should 
be made, at present, to correlate this fauna with Cretaceous sections in north 
California although there are indications that it may be very widespread. 

In the Santa Cruz Quadrangle a belt of Cretaceous sediments 13 miles long 
and 2 miles wide extends along the coast from Afio Nuevo Bay to the mouth of 
Pescadero Creek. The fauna, as listed in the Santa Cruz folio,“4 contains species 
common to the Glycymeris veatchii and Ascuncion faunas and there seems little 
doubt that the Asuncion is represented in this region. However, it is not known 
how much of the belt is Asuncion and how much is earlier Cretaceous. 

Edwards* has reported Martinez (Paleocene) fossils from several localities in 
the Adelaida and Bryson quadrangles. The first locality mentioned, that near 
the center of the NE. } of Sec. 30, T. 25 S., R. 10 E., Adelaida Quadrangle, is 
Paleocene, which rests unconformably on the Asuncion. The localities on Las 
Tablas Creek, near its junction with the Nacimiento River, and in the Bryson 
Quadrangle are not Paleocene but Asuncion and contain the fauna previously 
listed. The presence of ammonites in these localities is conclusive proof of their 
Cretaceous age. The Paleocene has a very limited distribution in the Adelaida 
Quadrangle; none is known to occur in any of the adjacent quadrangles. As shown 
later, there is considerable difficulty in differentiating the Asuncion and Paleocene 
where only small collections are available. Small Asuncion collections usually 
have been reported to the writer as Paleocene before being carefully studied; 
there is a remarkable similarity between many elements of the faunas. 

Some Asuncion shales contain abundant foraminifera and it should be possible 
to zone that part of the formation largely made up of shale on this basis. The 
writer has collected foraminifera from a number of localities and submitted them 
to micropaleontologists, but thus far to the writer’s knowledge, only one collec- 
tion has been studied. 

Foraminiferal shales collected at two localities along the north bank of the 


44 J. C. Branner, J. F. Newson, and Ralph Arnold, “The Santa Cruz Quadrangle,” U. S. Geol. 
Survey Geol. Atlas 163 (1909), p. 3- 

45 M. G. Edwards, ‘Some Eocene Localities in Salinas Valley District, California,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 17 (1933), p- 81. 
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Nacimiento River in the extreme north part of the Adelaida Quadrangle and the 
south part of the Bradley Quadrangle were submitted to Lois T. Martin of Stan- 
ford University. The specific localities are: NE. 3, NE. } of Sec. 19, Adelaida 
Quadrangle, and SW. }, SE. 3 of Sec. 18, Bradley Quadrangle. Both are in T. 25 
S., R. 10 E., and both contain the same fauna. The two localities have a strati- 
graphic separation of about 300 feet, that in section 19 being the higher. The 
faunule is as follows. 


Bulimina prolixa Robulus macrodiscus 
Haplophragmoides sp. Silicosigmoilina californica 
Palmula cf. pilulifera Siphogenerinoides cf. clarki 


The above faunula places this sample in the Upper Cretaceous, approximately the same 
age as the Moreno shale north of Coalinga. 


The samples were sent by Miss Martin fo Stanley Carlson, who kindly 
checked the faunule and reports the same assemblage. He states:*” 

I am not familiar with any Cretaceous faunas outside of the San Joaquin and Sacra- 
mento Valleys but would compare the samples with those we have found in the lower 
part of the Moreno formation and the very uppermost part of the Panoche. At the present 
time we find it difficult to pick the Moreno-Panoche contact faunally, as well as litho- 
logically. 


Since the Moreno-Panoche contact is gradational it is always difficult to decide 
on any exact contact and such a decision would be purely arbitrary. Further- 
more, because of the Jenticular nature of the sediments, there is considerable dis- 
agreement as to the contact, even at the type section of the Moreno. 

The specimens containing the foraminifera were obtained from shales inter- 
bedded with sandstones containing the megafauna listed previously. They are 
slightly higher stratigraphically than the beds near the mouth of Las Tablas — 
Creek from which Edwards reported Paleocene fossils and afford additional proof, 
if any were needed beside the presence of ammonites, that the supposed Paleocene 
locality actually is Upper Cretaceous. 

The exact stage of the Upper Cretaceous represented by the Asuncion, 
Glycymeris veatchii, and Garzas faunas is not known but published reports, es- 
pecially those on the saurian remains, afford considerable information on this 
point. 

Camp“ made a careful comparative study of the mosasaurs from the Moreno 
along the west side of the San Joaquin Valley and as a result named two new 
genera and three new species. These are Kolposaurus bennisoni, K. tuckeri, and 
Plesiotylosaurus crassidens. Regarding the age of this material Camp states 


(p. 26): 


4 Lois T. Martin, letter dated June 20, 1940. 
47 Personal communication. Letter dated March 8, 1943. 


48 Charles L. Camp, “California Mosasaurs,” Memoirs Univ. California, Vol. 13, No. 1 (1942), 
pp. 1-68. 
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Kolposaurus appears to be the most advanced genus yet described in the family 
Mosasauridae. K. bennisoni may be younger than any previously recorded Maestrichtian 
mosasaur. The top of the Upper Cretaceous sequence in central California is not easily 
recognized, but it is probably post-Maestrichtian in age in relation to the European sec- 
tion. It may be slightly below the Danian, sensu stricto; that is, Upper Cretaceous beds 
such as the Craie de Cardesse in which ammonites and belemnites are lacking. . . . The 
general area concerned is the exposed Upper Cretaceous along the west side of the San 
Joaquin Valley from Patterson south to Coalinga. Farther west, in the Santa Lucia Moun- 
tains, Dr. N. L. Taliaferro has noted great angular unconformities below what are here 
called the Upper Panoche beds. It would therefore seem advisable either to restrict the 
name “‘Chico’”’ to the beds above these unconformities, or to give this upper series a new 
name. 


Again, on page 47, Camp states: 


Two advanced species of a new genus of marine reptiles related to Mosasaurus appear 
to occur in the Upper Cretaceous of California. The species Kolposaurus bennisoni is more 
advanced in some characters than other known mosasaurs and indicates an age later than 
Maestrichtian for the sands in which it occurs. The species Kolposaurus tuckeri, asociated 
with Maestrichtian invertebrates, is accompanied by another new genus of giant mosasaurs 
(Plesiotylosaurus) related to Tylosaurus. 


The horizon at which Kolposaurus bennisoni was found is, according to Camp 
(p. 2): “225+ ft. above the base of the ‘Garzas sand’ member of the ‘Moreno 
formation’.’’ Garzas invertebrates occur in the vicinity. Kolposaurus tuckeri was 
found near the type section of the Moreno and is, according to the mapping of 
Anderson and Pack,*® at a lower horizon in the Moreno than K. bennisoni. This 
is in agreement with Camp’s opinion that K. bennisoni represents a more ad- 
vanced evolutionary stage than K. tuckeri. The former is regarded as post-Mae- 
strichtian (Danian?) and the latter as Maestrichtian. The writer is indebted to 
Charles L. Camp for criticizing and approving, in its present form, the foregoing 
statements. 

This determination of the age of K. tuckeri is confirmed by Welles,®° who states 
that the plesiosaurs from the same locality are very advanced and represent a 
late stage in the Cretaceous and, like the associated mosasaurs, are unquestion- 
ably Maestrichtian. According to A. S. Campbell (quoted by Welles) the associ- 
ated foraminiferal faunule (Bulimina obtusa zone) is Maestrichtian. 

Kolposaurus bennisoni definitely is associated with the Garzas fauna. The 
relation of K. tuckeri to the Garzas fauna is not known positively, since the 
Garzas sand dies out southward before reaching the locality. The absence of the 
Garzas fauna from the area in which K. tuckeri was found is believed to be due 
to change in lithologic type, sand to shale, rather than to any great difference in 
age. In the Santa Lucia Range the fauna is found in sandstones and not in the 
interbedded shales, or the shales into which the sandstones grade. 

4° Robert Anderson and Robert W. Pack, “Geology and Oil Resources of the West Border of the 
San Joaquin Valley North of Coalinga, California,” U.S. Geol. Survey Bull. 603 (1915). 


50S. P. Welles, ‘“Elasmosaurid Plesiosaurs with Description of New Material from California 
and Colorado,” Memoirs Univ. California, Vol. 13, No. 3 (in press). 
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The foraminiferal faunule from the Santa Lucia Range, which comes from 
shales interbedded with sandstones containing the Garzas-Asuncion fauna, is said 
to be like those near the Moreno-Panoche contact; hence it should be close to 
the horizon at which the suarian remains were obtained. 

The evidence afforded by the mosasaurs indicates that the Garzas fauna, 
hence the Asuncion fauna, ranges as high as the Danian, or at least to the top of 
the Maestrichtian, but it does not shed any light on the possible downward ex- 
tension of the fauna. Since nothing definite appears to be known regarding the 
range of this fauna there is no direct evidence as to how far down into the Upper 
Cretaceous it might extend. It is quite possible that the characteristic inverte- 
brate fossils might be relatively long range forms and there is no apparent reason 
why the fauna should not extend well down into the Senonian. 

The only evidence as to the possible downward extension of the Asuncion 
fauna is the probable downward limit of Acila (Truncacila) demesa Finlay, 
Schenck and associated forms. Schenck® states that Acila demessa occurs in the 
type Chico formation, on Big Chico Creek, 1,250 feet above its base where it is 
associated with ammonites that, according to Siemon W. Muller, are Campanian 
(late Senonian) in age. This does not necessarily mean that A. demessa is confined 
to the Campanian. It ranges through 1,100 feet of beds in the Redding district 
and 750 feet in the Santa Ana Mountains” and may well extend into the Mae- 
strichtian. 

As far as the writer is aware the ammonite genus Parapachydiscus, which 
occurs in the Asuncion, is found only in the upper Senonian and Maestrichtian. 

Nomland and Schenck®* restudied the fossils collected by C. H. Davis at 
Slate’s Hot Springs and collected additional material. They state that the fossil 
identified as Nucula (Acila) sp. by Davis appears to be Acila demessa. From the 
same locality they obtained a baculite which was sent to J. B. Reeside, Jr., who 
reports as follows. 

I do not see how there can be any question of the specimens representing a Baculites 
of the group of B. anceps Lamarck. This group, in America, seems to range from Em- 
scherian (Santonian) up into lower Maestrichtian. So far as I know, the European range 
is about the same, perhaps extending a little higher than in America, into upper Mae- 
strichtian. I do not know of its occurrence in Turonian or Cenomanian horizons. 


This is additional evidence about the late Upper Cretaceous age of the upper, 
fossiliferous part of the Asuncion. 

Although there is no positive evidence regarding the complete range in age of 
the Asuncion fauna, it is believed that the best available information indicates 

51 H. G. Schenck, “‘Acila princeps, a New Upper Cretaceous Pelecypod from California,” Jour. 
Paleon., Vol. 17 (1943), pp. 60-68. 


52 H. G. Schenck, of. cit., p. 67, states that Popenoe’s Acila localities indicate a range of 300 feet. 
Actually the range is 750 feet at a minimum as may be readily seen by consulting and comparing 
Popenoe’s map (Fig. 2), columnar sections (Fig. 3), and check list (Fig. 4). 


53 J. O. Nomland and H. G. Schenck, “Cretaceous Beds at Slate’s Hot Springs, California,” 
Univ. California Pub., Bull. Dept. Geol. Sci., Vol. 21 (1932), Pp. 37-49- 
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that it represents the late Senonian and the Maestrichtian and probably extends 


into the Danian (using Danian in the sense of the latest stage in the Upper Cre- 
taceous). 

There is no direct evidence in the Santa Lucia Range about the stage or stages 
represented by the great thickness of unfossiliferous Upper Cretaceous sediments 
that lie below the upper fossiliferous zone. That they are Upper Cretaceous is 
shown by the fact that they rest unconformably on the Jack Creek formation 
which also is Upper Cretaceous. As previously stated, it is believed that the Santa 
Lucian orogeny occurred after the Turonian. If this is the case then the Asuncion 
as a whole is later than the Turonian. 


CONDITIONS OF DEPOSITION 


Strong cross-bedding, rapid lateral variation, predominantly coarse sedi- 
ments, and great thickness are regarded as evidence of rapid deposition in shallow 
water in a sinking basin. A little more definite evidence about the possible depth 
and temperature of the water might be obtained by a consideration of the ecology 
of modern representatives of certain genera present. 

The genus Acila has been studied by Schenck, who states (page 33) “that 
the greatest number of specimens comes from temperate waters; that is, between 
40° and 70° F.” They have a considerable depth range but the majority appear 
to occur at depths of less than 150 fathoms. 

Merriam,» who made a detailed study of turritellas states (p. 10): 

Turritella is a bottom-dwelling, creeping type of gastropod adapted to the salinities 
of the open ocean. So far as is known, it does not tolerate brackish water. By far the greater 
number of Recent species inhabit tropical waters, in which they attain maximum size, 
degree of ornamentation, and intensity of coloration. The number of species decreases 
progressively as we pass to subtropical and into temperate marine provinces. In cooler 
waters the European species T. communis Risso occurs off the coast of Norway and is re- 
ported from Iceland. This, however is exceptional. . .. Temperature data obtained with 
dredgings show that T. communis usually inhabits water with a summer bottom tempera- 
ture varying from about 48° to 57° F. T. sinuata Reeve at Port Jackson, Australia, is re- 
ported in waters of 63° F. 


As far as bottom conditions are concerned, Turritella does not appear to be 
limited as it occurs on everything from gravelly to muddy bottoms. 

Regarding bathymetric limitations, Merriam states that Turritella is confined 
in large part to the upper part of the neritic zone. Of 45 occurrences, 80 per cent 
were found at less than 43 fathoms. Of 24 stations at which T. communis was 
dredged, the average depth is 13 fathoms. Data for 27 species show that more 
than 20 per cent occur at depths of 5—10 fathoms and go per cent at depths of less 
than 40 fathoms. Although the preceding data are, naturally, for living rather 


54H. G. Schenck, “Nuclid Bivalves of the Genus Acila,” Geol. Soc. America Spec. Paper 4 
(1936). 149 pp. 

55 Charles W. Merriam, “Fossil Turritellas from the Pacific Coast Region of North America,” 
Univ. California Pub., Bull. Dept. Geol. Sci., Vol. 26 (1941), pp. 1-214. 
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than fossil species, it is the best information available and should give the approxi- 
mate conditions for the Upper Cretaceous. From the character of the sediments 
and the fossils it appears that the Asuncion was deposited in rather shallow 
marine waters, largely in the open ocean, at depths probably not greater than 
20 fathoms. There is greater uncertainty regarding the bottom temperature but 
it appears to have been somewhere between 50° and 65° F. 

Practically no data are available about the prevailing climate of the land 
areas from which the detritus was derived. The Cretaceous is filled with car- 
bonized plant fragments, but rarely are they well preserved; commonly they are 
fragmentary and give evidence of rather long transportation that resulted in al- 
most complete maceration. According to Ralph W. Chaney (personal communi- 
cation) the closest fairly large Upper Cretaceous flora is in Washington and 
British Columbia. This flora indicates a rather warm temperate climate with 
rather high seasonal rainfall and relatively frostless conditions. 

A few poorly preserved plant remains were collected at Slate’s Hot Springs by 
Fairbanks in 1893 and much later by Nomland. Those collected by Fairbanks 
were submitted to Fontaine, who was able to determine but one species, Sequoia 
fairbanksi.® The material collected by Nomland was submitted to Knowlton,*” 
who stated he recognized a sequoia and two ferns. Both Fontaine and Knowlton 
emphasized that the material was very poorly preserved and evidently had suf- 
fered from maceration. Both regarded the meager flora as Jurassic. However, the 
material came from the same beds as the baculite shown to be late Upper Cre- 
taceous by Reeside. 

This small and unsatisfactory flora is not inconsistent with the climate previ- 
ously mentioned. 

Fragmentary plant remains are exceedingly abundant in the Cretaceous of 
the Coast Ranges. Although common in the Marmolejo and Jack Creek forma- 
tions, they are especially abundant in the Asuncion, in places forming impure 
coaly layers. They are not confined to any particular lithologic type but are most 
conspicuous in the fine sands and silts, probably because they are partly masked 
by the more rapidly accumulating coarse sediments. The abundance of plant 
remains indicates that the land area from which the sediments were derived was, 
in part at least, well covered with vegetation and their fragmentary, commonly 
indeterminate character indicates rather long transportation in water, resulting 
in almost complete maceration. 


RELATION OF ASUNCION TO OLDER AND YOUNGER ROCKS 


As previously stated, the Asuncion rests unconformably on all older rocks, in- 
cluding the Jack Creek formation, of Upper Cretaceous age. There is a general 
northward transgression across Cretaceous and Jurassic rocks onto the ancient 


56 W. M. Fontaine, in L. F. Ward e¢ al., “Status of the Mesozoic Floras of the United States,” 
U.S. Geol. Survey Mon. 48, Pt. I, pp. 147, 178-79, Pl. 45, Figs. 9-11. 


87 F, H. Knowlton, quoted by Nomland and Schenck, op. cit., p. 43. 
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crystalline complex. In turn it is unconformably overlain by everything from the 
Paleocene to the Plio-Pleistocene Paso Robles gravels. The angular discordance 
between the Asuncion and the Paleocene is comparatively slight, but the uncon- 
formity between the Upper Cretaceous and the Miocene is, as a rule, very strong 
and gives evidence of important orogenic movements and deep erosion between 
Paleocene and Miocene. The maximum discordance occurs in the southeast part 
of the Adelaida Quadrangle where the Vaqueros (lower Miocene) transgresses 
the upturned edges of 7,000 feet of Upper Cretaceous beds in a little more than 2 
miles. In many places the Cretaceous was entirely removed prior to the deposition 
of the Miocene, which in many places rests directly on the Franciscan, or even on 
the crystalline basement complex. 


PROBABLE EQUIVALENTS OF JACK CREEK AND ASUNCION 
FORMATIONS IN ADJACENT REGIONS 

The chief difficulty in definitely correlating the Upper Cretaceous units in the 
Santa Lucia Range with other parts of the Coast Range is the rather scanty 
knowledge of the faunas earlier than the one previously described. Any correla- 
tion of the Jack Creek and the lower part of the Asuncion must be based on the 
diastrophic history and meager paleontological evidence. 

Along the east side of the Diablo Range there is a great thickness of Creta- 
ceous sedimentary rocks that usually are divided into the Panoche and the Moreno. 
The contact between the two is gradational and there is considerable dispute re- 
garding the line between them, especially at some distance from the type section 
of the Moreno. This division does not correspond in any way with the formations 
proposed by the writer and has little bearing on the subject of this paper. As 
previously stated, the writer regards the solution proposed by A. S. Huey as the 
most satisfactory. From evidence at hand at present, it is believed that Anderson 
and Pack’s Panoche-Moreno contact transgresses time and goes lower into the 
section toward the northwest. The beds called Moreno on Ingram and Hospital 
creeks appear to include formations called Panoche at the type section of the 
Moreno. 

The Panoche, as originally mapped, includes the late Jurassic “Knoxville” 
shales, and the Paskenta and Horsetown stages of the Lower Cretaceous, as well 
as a very thick section of Upper Cretaceous beds. In several places the Upper Cre- 
taceous “Panoche”’ rests unconformably on the Horsetown. Specific localities 
where fossiliferous basal Upper Cretaceous conglomerates, containing Lower Cre- 
taceous débris, rest on fossiliferous Horsetown beds are: in the east part of Sec. 
17, T. 13 S., R. 10 E., 2 miles east of Ortigalita Peak, Panoche Quadrangle, where 
the unconformable contact is overturned and dips southwest; in the NW. } of 
Sec. 26, T. 4 S., R. 5 E., on the south side of Hospital Canyon, Carbona Quad- 
rangle. The first locality is shown on the writer’s 1941 cross section 7. A fairly 
large collection of fossils was obtained at the second locality, in Hospital Canyon. 
These have not been studied but W. P. Popenoe (personal communication), who 
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made a hasty examination of the fossils, considered them to be lower Upper Cre- 
taceous. They contain nothing suggestive of the Glycymeris veatchii fauna. In both 
localities Horsetown fossils are abundant in the shales beneath the basal con- 
glomerate of the Upper Cretaceous. The writer regards the Jack Creek and Asun- 
cion formations as equivalent to the sediments above this unconformity, that is, 
to the Upper Cretaceous part of the Panoche, as originally mapped, and the 
Moreno. However, the Asuncion does not correspond with the Moreno alone but 
with the Moreno (including such tentative members as the Garzas and Volta 
sands) and with a considerable thickness of the underlying part of the Panoche. 
The Jack Creek formation is regarded as equivalent to a part, if not all, of the 
lower shaly phase of the ‘“‘Panoche”’ (restricted Upper Cretaceous part). There 
does not appear to be any definite break within the Panoche between Hospital 
Canyon and Little Panoche Creek but there are lenses of coarse cobble and 
boulder conglomerates containing fossiliferous blocks of Upper Cretaceous sand- 
stone and limestone. The fossils are said to be Turonian and Cenomanian. As pre- 
viously stated, these conglomerates, although they do not occur everywhere at 
exactly the same horizon, are regarded as a local manifestation of the Santa Lu- 
cian orogeny, which separates the Jack Creek and Asuncion formations in the 
Santa Lucia Range. The sediments below these conglomerates, which range up 
to 8,000 feet in thickness, are prevailingly silty; those above, as far as the Moreno 
contact, contain many zones of coarse arkosic sandstones similar to the Asuncion. 

In the Mount Diablo region, at the north end of the Diablo Range, Taff** re- 
ports an unconformity between the “Chico” and “Panoche.’’ He states (p. 1088): 

In middle Upper Cretaceous time the sea receded westward, exposing Chico sedi- 
ments. The regionally uplifted strata were broadly warped and eroded. Evidence of this 
is found in the basal conglomerate of the Panoche formation in the vicinity of Mount 
Diablo and throughout the east side of Mount Hamilton area. .. . This conglomerate, 
wherever found, is composed of hard, well-worn pebbles and cobbles of quartzite, quartz, 
granitic and basic porphyritic rocks, together with partially worn and angular boulders 
of sandstone and limestone containing characteristic Chico fossils. 


Taff describes the Chico (lower part of the Upper Cretaceous) as being made 
up of a thin basal conglomerate overlain by 7,000 feet of shale, impure limestone, 
and thin sandstones. The Panoche is described as composed of a basal conglomer- 
ate and about 5,000 feet of arkose sandstone and sandy shales. The Panoche, as 
everywhere, grades upward into the Moreno, 7,000 feet thick and largely shale. 
Aside from the fact that there are no sediments lithologically similar to the Mo- 
reno in the Santa Lucia Range these divisions correspond both in stratigraphic 
position and predominant lithologic types with the divisions of the Upper Cre- 
taceous in the Santa Lucia Range. The writer regards the beds described as 
“Chico” by Taff as being equivalent to the Jack Creek and the “Panoche” and 
“Moreno” of the same author as equivalent to the Asuncion. There seems little 


58 J. A. Taff, “Geology of Mount Diablo and Vicinity,” Bull. Geol. Soc. America, Vol. 46 (1935), 
PP. 1079-1100. 
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doubt that Taff’s “middle Upper Cretaceous” unconformity is the result of 
the same force that produced the Santa Lucian orogeny. 

There is less certainty regarding correlatives of the Jack Creek and Asuncion 
formations in the southern end of the Diablo Range and in the Castle Mountain 
Range, but there is good evidence for the Santa Lucian orogeny, evidence 
that already has been presented. The crest of Castle Mountain Range is made 
up in part of coarse arkose sandstones of late Upper Cretaceous age, resting 
on Lower Cretaceous and Franciscan-Knoxville rocks, East of this range there 
is a thick section of Cretaceous sediments below the Eocene. Fossils were col- 
lected by Dr. Ralph Stewart from near the top of this Cretaceous section on 
Arroyo Pinoso and studied by Popenoe. Regarding these fossils (from field local- 
ity 128) Popenoe states: 

I place field locality 128 as fairly early Upper Cretaceous, earlier than anything at 


Chico Creek and approximately of the same age as Packard’s Actaeonella oviformis zone in 
the Santa Ana Mountains, possibly Cenomanian. 


The writer regards the coarse arkose sandstones along the crest of Castle 
Mountain Range as equivalent to the Asuncion and the Upper Cretaceous 
beds along the Arroyo Pinoso, containing early Upper Cretaceous fossils, as the 
probable equivalents of the Jack Creek. 

It is believed that the Santa Lucian orogeny affected most of the Coast 
Ranges south of San Francisco Bay, but to varying degrees. Uplift and erosion 
took place in the midst of the Upper Cretaceous over most of the region, but the 
sea was not completely withdrawn from some localities. However, even in such 
areas the disturbance caused an influx of coarse sediments. Beds equivalent, in 
whole or in part, to the Jack Creek and Asuncion formations are believed to be 
widespread over the area. No evidence of the Santa Lucian orogeny has been 
observed in the north Coast Ranges and, as far as the writer is aware, there are 
no unconformities in the midst of the Upper Cretaceous in that region. 


DIP CREEK FORMATION—PALEOCENE 
DISTRIBUTION 


Sediments of Paleocene age have been found in only two general districts in 
the Santa Lucia Range. Although they are insignificant in area they afford impor- 
tant information regarding the close of the Cretaceous and aid in dating the early 
Tertiary diastrophism. 

There are two small areas of Paleocene sediments in the north part of the 
Adelaida Quadrangle and one in the Lucia Quadrangle, 50 miles northwest. The 
two areas in the Adelaida Quadrangle lie on the flanks of an anticline that brings 
the Asuncion from beneath the Miocene. The largest of these areas lies along 
either side of Dip Creek and rests unconformably on the Godfrey Flat shale phase 
of the Asuncion; on the southwest it is bounded by the Kavanaugh thrust and 


59 W. P. Popenoe, letter dated April 28, 1941. 
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on the south it is unconformably overlain by lower Miocene (or Oligocene) red- 
beds. The Paleocene beds strike N. 70° E. and dip 20° S. The other area forms a 
long narrow strip, 4 miles long and s500~—800 feet wide, that extends northwest 
from Chimney Rock on San Marcos Creek. This narrow strip rests on Asuncion 
shales and sandstones on the northeast flank of the anticline and is unconforma- 
bly overlain by redbeds and Vaqueros sandstone on the northeast. The strike 
is northwest and the dip 60°-70° NE. The two exposures in the Adelaida Quad- 
rangle have a combined area of about 2 square miles. 

Reiche® reports the presence of fossiliferous Paleocene sedimentary forma- 
tions in the Lucia Quadrangle, where they occur, near the crest of the range, in 
the trough of a faulted syncline in the Asuncion. Here the beds are only about 200 
feet thick and have an outcrop area of a little more than a square mile. 

In the Adelaida Quadrangle the Paleocene sedimentary rocks rest uncon- 
formably on the Asuncion with a thick basal conglomerate that contains abun- 
dant débris of the underlying Cretaceous. Reiche states that, in the Lucia Quad- 
rangle, the Paleocene beds rest conformably on the Cretaceous and that the 
contact was arbitrarily placed 100 feet below the only fossil horizon. The writer 
has not visited the locality in the Lucia Quadrangle. 


TYPE SECTION OF DIP CREEK FORMATION 


The best section in the Adelaida Quadrangle occurs along Dip Creek, in the 
west part of Sec. 30, T. 25 S., R. 10 E., where 1,320 feet of beds are continuously 
exposed. This has been chosen as the type section. For many years the name 
Martinez has been given to practically all of the earliest Eocene sedimentary 
beds in the state and the name has become practically synonomous with Paleo- 
cene. The type section is exposed on the southwest limb of the Pacheco syncline, 
south of the town of Martinez, Contra Costa County, California. However, it has 
been shown® that the type section of the Martinez, as originally defined and as 
mapped by Lawson® in the Concord Quadrangle, contains beds not only of 
Paleocene but of lower and middle Eocene age as well. Since no fossils that would 
indicate a later age than the Paleocene have been found in the Dip Creek section, 
and since the Martinez at the type section contains later Eocene sediments, it is 
believed advisable to give a local formational name rather than to use the name 
Martinez. The name Dip Creek formation is proposed for the Paleocene beds in 
the central and south Santa Lucia Range. 


LITHOLOGIC CHARACTER AND THICKNESS 


The Dip Creek formation is so similar lithologically to the Asuncion that, if 
fossils had not been found in the basal beds, they would have been mapped as a 


60 Parry Reiche, “Geology of the Lucia Quadrangle,” Univ. California Pub., Bull. Dept. Geol. 
Sct., Vol. 24 (1937), p. 144. 

61 Elizabeth A. Watson, “Age of the Martinez Formation of Pacheco Syncline, Contra Costa 
County, California,” Amer. Midland Naturalist, Vol. 28 (1942), pp. 451-56. 
( ee C. Lawson, “San Francisco, California,” U. S. Geol. Survey Geol. Atlas Folio 193 
1915). 
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late Cretaceous unit resting with slight unconformity on the Asuncion. They con- 
tain the same type of coarse cobble and boulder conglomerates and the same type 
of coarse to fine-grained arkose sandstones, commonly filled with carbonized plant 
remains. To complicate further the problem the faunas are so closely related that 
poor collections from the Asuncion almost invariably have been called ‘Marti- 
nez.”’ Both the lithologic character and the fauna are so similar that it required 
8 field seasons, and greatly enlarged maps and airplane pictures, to separate the 
two satisfactorily. 

The only notable difference between the Dip Creek and the Asuncion is in the 
basal conglomerate which everywhere contains abundant débris of the underlying 
Upper Cretaceous. Fragments of limestone nodules and lenses, derived from the 
Asuncion shales, are especially common and large angular to subangular blocks 
of Asuncion sandstones are numerous. The print of a Cretaceous ammonite was 
found in a block of Asuncion sandstone in a conglomerate, at the type section, 
about 150 feet above the base of the Dip Creek formation. Aside from blocks and 
fragments of the Cretaceous the constituents of the conglomerates have the same 
size, degree of rounding and character found in the Asuncion conglomerates; well 
rounded pebbles, cobbles, and boulders of the old crystalline complex are the 
most abundant materials. 

The writer is greatly indebted to C. E. Van Gundy for mineral and mechanical 
analyses of 9 sandstones from base to top along the type section and for a careful 
measurement of the thickness. The following account of the sandstones and the 
thickness is taken from Van Gundy.® 

Table III shows the range and the average mineral content of 9 sandstones, 
all from the type section. This table shows the great similarity between the Dip 
Creek and Asuncion sandstones. The first 4 mineral analyses shown in Table II 
are of Asuncion sandstones in the same general area as the mineral analyses of 
Dip Creek sandstones shown in Table III; hence, they are directly comparable. 

The most noteworthy difference between the Asuncion and Dip Creek sand- 
stones, from the same area, is the presence of characteristic Franciscan minerals 
in the latter. Such minerals as actinolite, chromite, crossite, glaucophane, picotite, 
and rutile appear in the Paleocene sandstones and clearly indicate that Franciscan 
areas were exposed, probably toward the west, during the Paleocene. Franciscan 
areas also were exposed during the deposition of the Jack Creek and Asuncion, 
but notable amounts of Franciscan débris do not appear in the belt represented by 
Table II. The writer concludes that the uplift at the close of the Cretaceous some- 
what restricted the extent of the sea and brought up areas of Franciscan not far 
west of the present outcrops of the Dip Creek formation. 

According to Van Gundy, who made mineral analyses of both the Upper Cre- 
taceous and Paleocene from the same region, many of the heavy-mineral grains 


88 C. E. Van Gundy, “The Relations of the Upper Cretaceous and Martinez Formation in the 
Northern Part of the Adelaida Quadrangle, California,” unpublished Master’s thesis, Department 
of Geological Sciences, University of California, Berkeley, University Library. 
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of the Paleocene show better rounding than those in the Upper Cretaceous. This 
is especially true of the garnets which are more abundant in the Dip Creek forma- 
tion. This fact, together with the presence of abundant pebbles, cobbles and 


TABLE III 


MINERAL ANALYSES OF 9 SANDSTONES FROM TyPE SECTION OF Dip 
CREEK FORMATION, ADELAIDA QUADRANGLE* 


Light Separates Computed to 100 Per Cent 
Quartz 
Feldspar (total) 
(Microcline) 
(Orthoclase) 
(Albite) 
(Andesine) 
Muscovite 
Rock fragments 
Heavy Separates Computed to too Per Cent 
Actinolite 
Allanite 
Apatite 
Biotite 
Chlorite 
Chromite-picotite 
Crossite 
Epidote 
Garnet 
Colorless 
Pink 
Amber 
Brown 
Glaucophane 
Hornblende 
Ilmenite 
Magnetite 
Rutile 
Sphene 
Tourmaline 
Zircon 
Rock fragmentst 
* Analyses by C. E. Van Gundy. 


t Rock fragments include myrmekite and leucoxene, 
P=present. 


Range 


47.0-70.1 


Average 
59-9 


wn 


Cnnw 


boulders of the Asuncion in the conglomerates, indicates reworking of the under- 


lying Upper Cretaceous. 


The following section along Dip Creek, was measured by Van Gundy. 


Thickness 
in Feet 
Vaqueros formation 
Unconformity 
Dip Creek formation 
Thin-bedded, well sorted, fine-grained sandstone 600 
Massive conglomerate containing lenses of sandstone 60 
Medium- to fine-grained sandstone 490 
Massive basal conglomerate, highly fossiliferous. Contains lenses of sandstone 170 
Total 1,320 
Unconformity 


Upper Cretaceous 


22.1-41.0 32.0 
(0 4.6) (2.2) 
(13.2-25.8) (19.7) 
(2.1- 5.8) (357) 
(0 - 4.4) (0.7) 
-4.4 0.8 
3-7-16.8 733 
fe} -P 
o -P 
3.3 
2.4-20.7 
P- 6.9 
-1.2 = 
o -P 
- 4.0 
1.5-12.9 
2.8-11.5 
3.5 
o - 2.8 
o -P 
o-4 
0.5-10.0 
1.5-45.3 SES 
o -P 
2.5-13.6 
3-3 
P-12.3 
29.6-60 
ae 
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Only the lower 500 feet of conglomerate and sandstone is exposed in the nar- 
row belt extending northwest from Chimney Rock, the upper part having been 
removed before the deposition of the land-laid redbeds and Vaqueros. 

All that has been said regarding the depth of deposition and the climatic con- 
ditions of the Asuncion applies with equal force to the Dip Creek formation. 


FAUNA OF DIP CREEK FORMATION 


Large fossil collections have been made, especially along Dip Creek and on 
the northwest but none has been systematically studied. The most abundant fos- 
sils are various species of Twrritella and a heavy-shelled Glycymeris that appears 
to be almost identical with G. veatchit in the Asuncion. The Turritellas have been 
studied by Merriam who reports the following species and subspecies: Turritella 
pachecoensis Stanton sub sp. adelaidana Merriam; T. chaneyi Merriam; T. pache- 
coensis Stanton, and T. infragranulata Gabb. All these, except T. chaneyi which 
also occurs in the Upper Cretaceous, are found only in the “Martinez,” that is the 
lowermost Eocene. 

The writer is indebted to B. L. Clark, H. G. Schenck, C. W. Merriam and Miss 
A. Myra Keen for the following list. 


Amaurellina sp. Turritella chaneyt Merriam 

Cucullaea mathewsonit Gabb Turritella infragranulata Gabb 

Glycymeris veatchii, var. Turritella pachecoensis Stanton 

Lyria hannibali Waring Turritella pachecoensis Stanton sub sp. adelaidana 
Polinices hornii Gabb Merriam 

Tornatella pinguis Gabb Venericardia venturaensis Waring 


Trachytriton titan Waring 


This is only a partial list as there are others that have not been determined. 

Although this is a comparatively short list it is believed that there are a suf- 
ficient number of characteristic species present to assign the beds to the “Mar- 
tinez stage,” using this term as ordinarily employed in California, as synonomous 
with the lowermost Eocene. 

The only species definitely determined as being common to both the Asuncion 
and Dip Creek formations is Turritella chaneyi. However, the faunas are so similar 
that they have been confused frequently. Good and abundant material, or the 
presence of ammonites or baculites, are necessary to differentiate them. 


RELATION TO OLDER AND YOUNGER FORMATIONS 


The Dip Creek formation everywhere rests on the Asuncion in the Santa Lucia 
Range; it has not been found resting on any of the older rocks. This fact, together 
with the marked similarity in fauna and lithologic character appears to indicate 
that an important diastrophism did not take place between the late Upper Cre- 
taceous and the Paleocene. This is in accord with observations in other parts of 
the Coast Ranges; in many places it is difficult to establish the exact contact be- 
tween them. 

That there was uplift at the close of the Cretaceous in the south part of the 
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Santa Lucia Range is shown by the fact that the Dip Creek formation contains 
abundant débris of the Asuncion and also rests on different beds. However, the 
angular discordance is slight. The writer™ has stated that the Asuncion, in the 
north part of the Adelaida Quadrangle, was tilted 9° SW. and that 2,500 feet of 
beds were removed locally before the deposition of the Dip Creek. Subsequent 
work and the discovery of ammonites in beds previously regarded as Paleocene 
indicate that the tilt was not more than 4° or 5° and that less than 1,000 feet of 
beds were removed. The diastrophism at the close of the Cretaceous was not com- 
parable in severity with the diastrophism, or diastrophisms, that occurred be- 
tween the Paleocene and the lower Miocene. This is clearly shown in the north- 
east part of the Adelaida Quadrangle. On the southwest side of the San Marcos 
fault the lower Miocene rests on and transgresses several thousand feet of Asun- 
cion and Dip Creek beds that dip northeast at a high angle toward the fault. On 
the northeast side of the same fault the lower Miocene rests directly on granodio- 
rite and schist. Thus, there was profound faulting and deep erosion after the 
deposition of the Paleocene and before the deposition of the lower Miocene. There 
were local uplifts at the close of the Cretaceous but the sea does not appear to 
have been completely withdrawn over much of the Coast Ranges. The great geo- 
syncline in which the Cretaceous was deposited was disturbed and modified at the 
close of the Cretaceous but was not completely destroyed until sometime after 
the Paleocene. Evidence for this statement is, of course, found chiefly in areas 
outside of the Santa Lucia Range. 

The Dip Creek formation is unconformably overlain by pre-Vaqueros land- 
laid redbeds and by marine Vaqueros sandstones. 


PALEOGEOGRAPHIC MAP 


A paleogeographic map showing the writer’s concept of the extent of the sea 
in California at or near the close of the Cretaceous is presented in Figure 18. Na- 
turally, as with the case of all such maps, it is based on many assumptions and, 
here and there, on very scanty evidence. Several similar maps have been pre- 
sented, notable among which are those by Reed® and Schenck. The map pre- 
sented here differs chiefly from Reed’s map in the omission of the hypothetical 
land mass of Salinia and in"the greater eastern extent of the sea in‘ the vicinity of 
Fresno in the San Joaquin” Valley. Reed’s map shows the east border of the sea 
to be about 20 miles west of Fresno. Macdonald® reports the presence of fully 
400 feet of Upper Cretaceous sandstones, containing Glycymeris and Turritella, in 
a well near Friant, 15 miles northeast of Fresno. 

 N. L. Taliaferro, “Geologic History and Structure of the Central Coast Ranges of California,” 
California State Bur. Mines Bull. 118, Pt. 2 (1941), p. 135. 

6 R. D. Reed, Geology of California, Amer. Assoc. Petrol. Geol. (1933), Fig. 20, p. 116. 


%& H. G. Schenck, “Nuculid Bivalves of Genus Acila,” Geol. Soc. America Spec. Paper 4 (1936), 
superimposed on frontispiece. 


67 Gordon A. Macdonald, “Geology of the Western Sierra Nevada between the Kings and San 
Joaquin Rivers, California,” Univ. California Pub., Bull. Dept. Geol. Sci., Vol. 26 (1941), pp. 259-60. 
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The paleogeographic map (Fig. 18) differs from both Reed’s and Schenck’s 
maps in north California; both earlier maps show a wide extent of Upper Cre- 
taceous sea through “Lassen Strait” into northeast California. Schenck even 
shows the sea extending into northwest Nevada. There is no evidence that any 


PALEOGEOGRAPHIC 
MAP 
AT@HE CLOSE OF THE 


CRETACEOUS 


Scarce 
z 


sanSgnanciscd 


@ BAKERSFIELD 


Lo) OS ANGELES 


Fic. 18.—Paleogeographic map of California at or near 
close of Cretaceous. 


Cretaceous sea ever had such an extent in this region and no positive evidence 
that such a connection as “Lassen Strait’ ever existed. If it did it must have been 
exceedingly narrow as the Cretaceous becomes very coarse and thin in this re- 
gion; it can not be traced continuously about the east margin of “Klamath Is- 
land.” 
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SUMMARY AND CONCLUSIONS 


Sediments of Cretaceous age are widespread in the Santa Lucia Range where 
they are readily divisable into three formations, each separated by profound un- 
conformities. The Lower Cretaceous, the Marmolejo formation, occurs only in the 
south part of the range, and is made up of 4,000-5,000 feet of dark shales, with 
thin lenses of sandstone and conglomerate. West of the crest of the range, in the 
Adelaida Quadrangle, there are thick and very coarse basal breccias, Jargely made 
up of material derived from the Franciscan. These occur along the Las Tablas 
fault and thin in a short distance southwest away from the fault, indicating that 
there was movement, either of sharp folding or faulting, along this zone in the 
very late Jurassic or early Cretaceous. There is evidence for movements at this 
time throughout the area of the state; this period of diastrophism is called the 
Diablan orogeny by the writer. 

The Marmolejo is identical with the lower part of the Lower Cretaceous 
throughout the Coast Ranges faunally and lithologically. Because of subsequent 
diastrophisms and deep erosion it has been removed from most of the region, but 
it is believed that the Lower Cretaceous sea covered practically all of the Coast 
Ranges. 

The meager fauna of the Marmolejo formation indicates that it represents the 
Paskenta stage of the Lower Cretaceous; the Horsetown stage does not appear to 
be represented. 

The Marmolejo formation was strongly folded and faulted and largely re- 
moved prior to the deposition of the Upper Cretaceous; it was only preserved in 
exceptionally deep synclines. The diastrophism between the Lower and Upper 
Cretaceous is named the mid-Cretaceous disturbance; it was state-wide but ap- 
pears to have been especially severe in the Santa Lucia Range. 

The earliest Upper Cretaceous, the Jack Creek formation, is made up chiefly 
of shales and silts with minor amounts of sandstone and shale matrix con- 
glomerates. The lack of any but a very thin basa! conglomerate and the pre- 
dominantly fine-grained character of the formation as a whole indicate that the 
sea in which it was deposited spread quietly over a region of low relief. The Jack 
Creek rests only on earlier Mesozoic rocks and, as far as is known, nowhere trans- 
gresses these onto the ancient crystalline basement. The meager fauna has not 
been studied in detail, but it is known to be Upper Cretaceous; it is thought to 
represent the Cenomanian and Turonian stages. 

After the deposition of the Jack Creek shales there was a profound diastroph- 
ism that was particularly severe in the Santa Lucia Range but which appears to 
have affected most of the Coast Ranges south of San Francisco Bay. This is called 
the Santa Lucian orogeny; from evidence in the Diablo Range it is believed to 
have taken place late in or after the Turonian. The importance of this orogeny has 
not been generally recognized. It exerted a profound effect on the subsequent 
history of the Coast Ranges through the widespread removal of earlier Mesozoic 
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sediments. It also appears to have had a marked effect in the localization of Eo- 
cene faulting. Although this orogeny was the strongest single interruption to 
deposition in the great Mesozoic geosyncline that began with the earliest Fran- 
ciscan, probably in the Portlandian, it did not destroy this basin of deposition 
that played such an important part in the history of the Coast Ranges. However, 
the movements that occurred at this time had an important bearing on the Eo- 
cene movements that finally completely fragmented the Mesozoic geosyncline. 

As with other diastrophisms in California, the Santa Lucian orogeny appears 
to have occupied but a relatively short space of time, when compared with the 
time required for sedimentation, and to have quickly run its course. Although 
the Upper Cretaceous sea was withdrawn from much of the Coast Ranges and 
there was deep erosion and widespread stripping, subsidence again took place, 
and the sea spread rather rapidly over an area of considerable relief. The latest 
Upper Cretaceous, the Asuncion, is the most widespread Cretaceous unit in the 
Santa Lucia Range, as equivalent beds appear to be in the Coast Ranges in gen- 
eral. The Asuncion is predominantly coarse-grained, being made up of arkose 
sandstone and coarse conglomerates. There is a definite increase in fine sediments 
toward the east, in the south part of the range, indicating derivation from the 
west. The relative proportion of Franciscan débris increases toward the west in 
the south part of the range. Near the present coast the basal conglomerates con- 
tain large angular to subrounded blocks of Franciscan chert, basalt, diabase, and 
sandstone as well as the typical well rounded pebbles, cobbles, and boulders of 
the ancient crystalline complex (Sur series and Santa Lucia granodiorite). 

The Asuncion is the most fossiliferous of all the Cretaceous units, but de- 
terminable fossils have been found only in the upper part. The fauna that occurs 
in the upper 1,500-2,500 feet is correlated with the Garzas fauna of the west side 
of the San Joaquin Valley north of Coalinga and with the Glycymeris veatchii 
fauna of the Santa Ana Mountains. Although the range of this fauna is not known 
definitely, it is believed that there is evidence that it ranges from the upper part 
of the Senonian, through the Maestrichtian into the Danian. The chief evidence 
for its upper limit is the advanced stage of evolution of the saurian remains. The 
Asuncion as a whole is thought to be later than the Turonian. 

The Cretaceous was brought to a close by relatively mild disturbances, as 
shown by the relation of the lowermost Eocene, the Dip Creek formation, which 
rests on the late Upper Cretaceous with relatively slight angular discordance. The 
Dip Creek formation is regarded as the local representative of the restricted Mar- 
tinez, the lowermost Eocene. It is identical lithologically with the Asuncion and 
contains a fauna, that as far as genera are concerned, is very similar. It appears 
to have been deposited under identical conditions, shallow marine waters of less 
than 40 fathoms with a bottom temperature of about 50°-65°F. Like the Cre- 
taceous as a whole the Dip Creek beds were derived from a well wooded land 


mass. 
The conglomerates, especially those near the base, contain débris of the under- 
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lying Asuncion yet the angular discordance is slight, not more than 5°, and is not 
comparable with the discordance between the Paleocene (and late Upper Cre- 
taceous) and lower Miocene (or older) sediments. 

In summary, it may be stated that the most important results, from the point 
of view of the history of the Coast Ranges, brought out by a study of the Creta- 
ceous and Paleocene of the Santa Lucia Range are thought to be as follows: (1) 
the marked unconformity and deep erosion between the Lower and Upper Cre- 
taceous, (2) low relief of the surface over which the earliest Upper Cretaceous sea 
spread, (3) marked diastrophism and widespread stripping in the midst of the 
Upper Cretaceous (Santa Lucian orogeny), (4) marked difference in general grain 
size between the fine-grained early Upper Cretaceous and the coarse-grained late 
Upper Cretaceous, (5) marked relief of the surface over which the late Upper Cre- 
taceous sea transgressed, (6) widespread distribution of the late Upper Cretaceous 
and the correlation of the fauna in the upper part with other faunas in California, 
(7) lithologic similarity of the Paleocene with the late Upper Cretaceous and the 
close relation between them, and (8) the fact that the break between the late 
Upper Cretaceous and the Paleocene is small as compared with that between the 
Paleocene and the lower Miocene (or earlier) sediments. The latter relation indi- 
cates that Eocene diastrophism (or diastrophisms) was very severe and played 
an important part in the evolution of the Coast Ranges. 
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CORRELATION OF THE PECAN GAP, WOLFE CITY, AND 
ANNONA FORMATIONS IN EAST TEXAS! 
JOHN T. ROUSE? 
Wichita, Kansas 
ABSTRACT 


The Pecan Gap chalk of East Texas has been correlated, in previous publications,’ with the 
Annona chalk of northeastern Texas and southern Arkansas. Detailed surface mapping of a belt of 
Cretaceous rocks in eastern and northeastern Texas shows that the Pecan Gap chalk thins and dis- 
appears north and east and that the Wolfe City sand, which underlies the Pecan Gap chalk, is to be 
correlated with the Annona chalk. 


INTRODUCTION AND ACKNOWLEDGMENTS 


It is the writer’s purpose to describe the stratigraphy of the Pecan Gap chalk 
and the Wolfe City sand, along their belts of outcrop in East Texas from Collin 
County eastward into Red River County, and to discuss the correlation of these 
formations with the Annona chalk in Red River County, Texas. These formations 
belong to the Taylor group of the Upper Cretaceous. 


Upper Cretaceous 
Gulf series 

Navarro group 

Taylor group 
Upper Taylor marl (Marlbrook?) 
Pecan Gap chalk 
Wolfe City sand 
Lower Taylor marl 


Figure 1 shows the general location of outcrops and sections discussed. It is 
hoped that this paper may be of use in guiding interested parties to the sections 
described. Each section described is preceded by detailed instructions for finding 
it. 

The writer desires to thank S. A. Thompson and the Magnolia Petroleum 
Company for permission to publish this material. The work was done under the 
immediate supervision of C. I. Alexander, and to both him and Mr. Thompson 
the writer is greatly indebted for most profitable discussion in connection with 
the field work and preparation of the manuscript. The micro-fossils of all the 
formations described have been examined by Mr. Alexander and he has confirmed 
the ages assigned to them. 

The Pecan Gap and Wolfe City formations have been mapped from Ellis 
County northward and eastward to Red River County but as the outcrops south 
of Collin County do not have any bearing on the correlations here presented they 


are not described. 


1 Manuscript received, September 11, 1943. 
? Geologist, Magnolia Petroleum Company. 


3 L. W. Stephenson, “A Contribution to the Geology of Northeastern Texas and Southern Okla- 
homa,” U.S. Geol. Survey Prof. Paper 120 (1918), pp. 129-163. 
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WOLFE CITY 


The Wolfe City formation (named by Stephenson‘) with the type locality 
near Wolfe City, Hunt County (Location 1, Fig. 1), shows greater lithologic 
variation in short distances along the strike than other formations described in 
this paper. The original name, “Wolfe City sand,” is confusing, as in many locali- 
ties the formation is arenaceous clay, marl, or sandy chalk rather than sand. The 
sandy facies of the Wolfe City formation is best developed in the vicinity of the 
town of Wolfe City. The formation varies in thickness from 200 to 300 feet. 

North of Farmersville, Collin County, where the strike of the Cretaceous beds 


changes from north to northeast, the Wolfe City, immediately beneath the Pecan | 


Gap, is calcareous sand, the upper part of which contains a great abundance of 
Exogyra ponderosa. This sandy facies of the Wolfe City, approximately 130 feet 
thick, abounds in hard, calcareous concretionary ledges, many of which are fos- 
siliferous. Beneath this sand, 165 feet of sandy clays are found, and here the total 
thickness of the Wolfe City is 295 feet. ° 

In southern Lamar County and northern Delta County the upper part of the 
Wolfe City is chalky sand. The character of the lower part of the section is not 
known as it is covered with alluvium. South of Bairdstown and east toward 
Minton (Lamar County) excellent exposures of the chalky facies of the upper 
Wolfe City are found. In an old quarry southeast of Bairdstown (Lamar County) 
the following section of the Pecan Gap and Wolfe City is exposed. 


Location 2, Fig. 1. From Bairdstown, south 0.6 mile; east 0.3 mile; south 0.1 mile; east 0.2 mile; 
south 0.4 mile; east 1.1 miles; south 0.6 mile; west 0.1 mile; south 0.5 mile; east o.1 mile; south o.1 
mile; east 0.25 mile; turn north on farm road 0.2 mile to quarry; R. M. Robinson tract, Isaac Cruse 
Survey. 


Thickness 
in Feet 
Pecan Gap 3 (3) White chalk with abundant phosphate pebbles and phosphatized fossil 
casts at base 
Wolfe City 5 {3 Tan to white sandy chalk 
4 1) Brown argillaceous sand with abundant Exogyra ponderosa 


East from this quarry into Red River County the upper Wolfe City continues 
to become more chalky. The geologic map of Texas’ terminates the Wolfe City 
near Deport (eastern Lamar County) but field work has shown that the chalky 
facies of this formation continues into western Red River County and in the 
W.P.A. quarry, 2} miles east of Fulbright on the Clarksville road, the Wolfe 
City has become slightly arenaceous chalk, lithologically indistinguishable from 
the Annona chalk near Clarksville. 


ANNONA CHALK 


Outcrops of the Annona chalk are confined to the northeastern part of 
the area mapped in Red River and Bowie counties. Exposures of this chalk are 


4 Ibid., p. 155. 
Univ. Texas Bur. Econ. Geol. Bull. 3232. 
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very numerous, especially in the vicinity of Clarksville. The Annona is white, 
generally well bedded and jointed, hard, massive fossiliferous chalk. Field work 
was not carried north to the base of this chalk but information from core drilling 
in western Red River County south of Fulbright shows that this formation is 
300-400 feet thick. Samples from these core-drill holes show that the Annona is 
characterized by an upper chalk, locally slightly sandy, underlain by marly shales 
containing chalk lenses. Beneath the Annona is the Brownstown formation. 
About 3} miles southwest of Clarksville and } mile east of McCoy (Location 3, 
Fig. 1), the top of the Annona contains a great abundance of Exogyra ponderosa. 
In the area mapped west of the Annona outcrops, Exogyra ponderosa has been 
found in great abundance in the Wolfe City, both in the sandy and chalky facies, 
but not in the Pecan Gap. 
PECAN GAP 


The Pecan Gap chalk was named by Stephenson, its type locality being near 
the town of Pecan Gap, Delta County. As a chalk the Pecan Gap is best repre- 
sented in Collin, Hunt, Fannin, and Lamar counties. South of Collin County, 
the Pecan Gap changes to chalky marl, the top of which is difficult to differentiate 
from the overlying upper Taylor marls. East of Lamar County, the Pecan Gap 
thins within a short distance and disappears. Its thickness varies from less than 
one foot in western Red River County to 120 feet in Hunt County. The base of 
the Pecan Gap in North Texas is easy to recognize as it is characterized by a zone, 
varying from several inches to several feet in thickness, of phosphate pebbles, 
phosphatized fossils, and glauconite. This basal phosphate zone has been traced 
north and east from northern Rockwall County to western Red River County. 

North of Copeville and southwest of Farmersville, Collin County, the entire 
Pecan Gap section is hard white chalk and bluish limestone. Exposures of this 
facies are abundant in the steep east slopes of Pilot Creek, west and south of 
Farmersville. The basal contact zone of the Pecan Gap here has characteristics 
that continue north and east into Red River County where the chalk disappears. 
In addition to the black phosphate pebbles, the basal zone contains an abundance 
of phosphatized Baculites, gastropods, and interna] molds of pelecypods, and in 
many exposures this zone is rich in glauconite. This zone stands out on weathered 
slopes and can be recognized readily in plowed fields as the pebbles and fossils 
generally appear as a gravel-like streak through the field. 

At all good exposures of the contact, chalk-filled borings extend down into 
the underlying Wolfe City formation. A striking feature of the basal contact zone 
is its marked change in thickness in a short lateral distance. This is best shown 
in two sections west of Farmersville. The first is a composite section in the two 
W.P.A. quarries west of Farmersville. 


Location 4, Fig. 1. From public square in Farmersville west on old Farmersville-McKinney road 
1.6 miles; north 0.2 mile; northwest 0.3 mile; north 0.1 mile; west 0.5 mile to secondary road north 
through gate to W.P.A. quarry; north 0.6 mile to quarry. 


*L. W. Stephenson, op. cit., p. 156. 
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Thickness in 
Feet—Inches 
Pecan Gap 8 (9) Hard arenaceous, crystalline, blue gray limestone. Thin wavy 


laminations and cross-bedding. Some glauconite and here and 
there a phosphate pebble 
(8) Mottled blue to greenish blue and gray arenaceous glauconitic, 
crystalline limestone and abundant fucoids 
(7) Same as 9 above 
(3-foot break between quarries) 
2 9 (6) Hard gray to brown arenaceous crystalline limestone. Fine 
laminations and cross-bedding. Small nests of glauconite 
15 to (5) = blue, glauconitic arenaceous limestone; some small 


pele 
(4) Hard, blue glauconitic limestone 


3 

I (3) Conglomerate, black phosphate pebbles and phosphatized 
fossils, especially Baculites. Some shark teeth and nests of 
pyrite. Dark green glauconitic sandy calcareous matrix 

° 1 (2) Glauconitic calcareous sand with smaller quantities of pebbles 
than above. Some bone fragments 

4 6 (x) Extremely coarse conglomerate—sandy glauconitic matrix is 


subordinate. Phosphate and limestone pebbles and some py- 
“ee abundant fossils, especially Baculites. Some teeth and 
nes 
Base of quarry floor—Superintendent reported soft clay below No. 1. 


In the second, on the old Farmersville-McKinney road, 0.6 mile south of the 
foregoing quarry section, the basal Pecan Gap has a very different appearance, as 
shown in the following section. 


Thickness in 
Feet—Inches 
Pecan Gap 3 (3) Soft terra cotta chalk alternating with layers of hard arena- 
ceous limestone 
2 (2) —_ zone. Black phosphate pebbles and phosphatized Bacu- 
ites 


Wolfe City 5 (1) Black arenaceous clays with abundant nacreous fossils and 
some hard, round limestone concretions 


From Farmersville north and east the Pecan Gap continues as moderately 
hard, well bedded chalk through Hunt, Fannin, Delta, and Lamar counties. 

In Delta County the top of the Pecan Gap formation is well exposed. The best 
exposure showing the upper Taylor marls, Pecan Gap, and Wolfe City in continu- 
ous section is 2} miles north of Enloe in northeastern Delta County. 


Location 5, Fig. 1. From Enloe east 0.7 mile; north 1.5 miles; west 0.25 mile; north 0.7 mile; west 
o.1 mile on old quarry road; walk east 0.2 mile to large creek and exposures. J. A. Jackson tract, 
S. Turner Survey. 
Thickness 
in Feet 

Upper Taylor marls 4 (3) Soft white to cream chalky marls. Basal 2 inches, conglom- 
erate zone in which the pebbles are dominantly limestone, 
many of which have very irregular shape and greenish yellow 
stain on exteriors. Some pelecypods and a few Baculites, but 
no coiled snails or black phosphate pebbles like those found 
in basal Pecan Gap conglomerate zone 

Pecan Gap 25 (2) Hard massive, fairly well bedded white chalk. Base of chalk 
marked by 6-inch conglomerate zone of phosphate pebbles 
and phosphatized fossils together with glauconite as in pre- 
viously described sections 

Wolfe City 6 (1) Soft, fossiliferous sands with abundant chalk stringers and 
chalk-filled borings 
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In eastern Lamar County, the Pecan Gap has thinned to 5 feet. This is shown 
in an exposure north of Milton. 


Location 6, Fig. 1. From Milton north 0.6 mile; west 0.1 mile; north 0.6 mile to exposure. R. C. 
Harvey tract, Joseph Deck Survey. 
Thickness in 
Feet—Inches 


Upper Taylor marls (5) Black soil 
° 2 {4 Basal pebble zone. Limestone pebbles and some fossils 


Pecan Gap 5 3) Hard white chalk with characteristic conglomerate zone of 
—_— pebbles, phosphatized fossils, and glauconite at 
ase 
Wolfe City 4 (2) Chalky sands with sandy chalk lenses 
3 (1) Argillaceous yellow sands with abundant Exogyra ponderosa 


Eastward from the foregoing section the Pecan Gap continues to thin until 
it is represented by only the basal conglomerate zone in western Red River 
County, and several miles east of Fulbright (Red River County) even this zone 
disappears from the section and upper Taylor marl rests on the Wolfe City or the 
Annona formation. 


BASE OF UPPER TAYLOR MARLS 


As the base of the upper Taylor marls exhibits some exceptional characteris- 
tics in eastern Lamar and western Red River counties, where the Pecan Gap dis- 
appears from the section, a brief description of this basal zone is given. 

Outcrops of the basal upper Taylor marls have just been mentioned at Loca- 
tions 5 and 6. One-half mile west of Milton (Sam Harvey tract, Joseph Deck 
Survey) at a roadside exposure the base of the upper Taylor marls is soft gray 
marl extremely rich in Inoceramus prisms and glauconite as disseminated grains 
which give the marl a salt-and-pepper appearance. At the base of this 5-foot ex- 
posure some brown, resinous, irregularly shaped pebbles (phosphate?) were 
found. This glauconitic zone extends eastward to the vicinity of Fulbright. 

In the vicinity of Deport (Lamar-Red River County line) the glauconitic basal 
upper Taylor marls are represented by hard, reddish brown slab limestone. This 
slab limestone was nowhere found in place and the beds above and below it were 
nowhere seen in good continuous exposure. This limestone occurs in large flat 
slabs, 1-4 inches thick and varying from several inches to 4 feet in linear dimen- 
sions, lying in black-land fields or on weathered slopes. The slabs are very rich in 
Inoceramus prisms and might well be described as an “Jnoceramus prism co- 
quina.” Glauconite is abundant as disseminated grains and the rock is firmly 
cemented with calcite. These slabs are well shown on the Deport-Fulbright road 4 
mile north of Deport. 

The transition from the soft upper Taylor marls to the hard limestone slabs 
appears in an exposure northeast of Deport. 


Location 7, Fig. 1. Main secondary road north from Deport 0.9 mile; east on field road 0.7 mile; 
north 0.2 mile to creek. Exposure in creek on west side of road. 


Here soft glauconitic marls rich in Inoceramus prisms show partial cementa- 
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tion to hard slabs. It is believed that the slab zones have their origin in secondary 
cementation and this exposure is a locality where cementation has not gone as far 
as it has in other areas. 

East of Fulbright throughout Red River County all exposures of the upper 
Taylor marls show gray to white soft marls. The pebble zone and glauconitic 
phase were not found in the central and eastern part of this county. Eastward 
the upper Taylor marls rest on the Annona chalk but no good exposures of the 
contact were found. 

SUMMARY AND CONCLUSIONS 


The stratigraphic relationships of the formations discussed are shown in 
Figure 2 and the eastward thinning along the strike is readily apparent from a 
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Fic. 2.—Measured sections showing eastward thinning of Pecan Gap formation. 


study of these sections in Figure 2. In the western part of the area (Hunt and 
Collin counties) the contact between the upper Taylor and the underlying Pecan 
Gap chalk is transitional with no evidence of a break of any kind and here the 
Pecan Gap is approximately 120 feet thick. The base of the chalk is marked by 
a glauconitic conglomerate of phosphate pebbles and phosphatized fossils as 
previously described in the general description of this formation. Immediately 
underlying the Pecan Gap is the Wolfe City sand containing a great abundance of 
Exogyra ponderosa but E. ponderosa was not found in the Pecan Gap chalk. 
Eastward in Delta County, the base of the upper Taylor is marked by a thin 
limestone pebble conglomerate immediately overlying the Pecan Gap chalk; the 
Pecan Gap is only 25 feet thick, The base of the Pecan Gap continues to be 
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marked by a phosphate pebble conglomerate rich in glauconite. The underlying 
Wolfe City sands contain a few chalky lenses and an abundance of Exogyra pon- 
derosa, but E. ponderosa was not found in the overlying Pecan Gap. 

The presence of a pebble conglomerate at the base of the upper Taylor marls 
together with the thin Pecan Gap section leads to the conclusion that a hiatus ex- 
ists in this area and east of it between the upper Taylor marls and the Pecan Gap 
chalk and that the thin chalk section is due to erosion or non-deposition of the 
upper part of the Pecan Gap chalk section seen in Collin and Hunt counties. The 
pronounced eastward thinning of the Pecan Gap chalk is shown in Table I. 


TABLE I 
THICKNESS OF PECAN Gap CHALK, IN FEET 
Southeast of Wolfe City (Hunt County) 7° 
South of Ladonia (Fannin County) 75 
Pecan Gap (Delta County) 35 
Enloe (23 miles north, Delta County) 25 
Bairdstown (4 miles southeast, Lamar County) 15 
Milton (1 mile north, Lamar County) 5 
Deport (Lamar-Red River County line) 3 
Fulbright (Red River County) I 


Farther east in eastern Lamar County the Pecan Gap is only 5 feet thick, its 
upper limit being clearly defined by the limestone pebble zone at the base of the 
upper Taylor marls and the base by the typical basal Pecan Gap phosphate peb- 
ble conglomerate containing an abundance of glauconite. In this area the upper 
Wolfe City, immediately underlying the Pecan Gap, consists of chalky sands with 
numerous sandy chalk lenses, and contains abundant Exogyra ponderosa. 

On the east side of a county road, 3 mile north of Deport near the Lamar-Red 
River County line, the Pecan Gap is only 2-3 feet thick; it is the basal con- 
glomerate zone of phosphate pebbles, phosphatized fossils, and a little chalk. Be- 
low this pebble zone the surface is covered with Exogyra ponderosa and the soil 
is sandy; above it are the limestone slabs, previously described, which mark the 
base of the upper Taylor marls. East of Fulbright (Red River County) the Pecan 
Gap has disappeared from the section and the upper Taylor marls rest on the 
Wolfe City or Annona chalk. In the discussion of the Wolfe City formation earlier 
in this paper it has been pointed out that the Wolfe City becomes more and more 
chalky toward the east until it is finally represented by a slightly arenaceous 
chalk, lithologically indistinguishable from the Annona chalk near Clarksville. 

It has been shown that: 

1. Exogyra ponderosa was not found in the Pecan Gap chalk but was found 
in abundance in the upper Wolfe City and Annona chalk. 

2. The Pecan Gap formation thins from 120 feet in Hunt County to zero 
feet in Red River County. 

3. The Wolfe City formation can be traced north and east from Collin County 
to Red River County and it becomes more and more chalky toward the east 
until it is a slightly arenaceous chalk. 
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The stratigraphic relationships and facies changes of the formations dis- 
cussed in this paper are diagrammatically shown in Figure 3. The writer believes 
that the foregoing field evidence leads to only one conclusion: the Wolfe City | 
formation is the age equivalent of the Annona formation as developed in north- 


eastern Texas. 


— + — TayLor'— + 
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Fic. 3.—Diagrammatic section showing relationships between upper 
Taylor, Pecan Gap, Wolfe City, and Annona formations. 


PECAN 
| 
| 
| 
i 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 28, NO. 4 (APRIL, 1944), PP. 531-540, 2 FIGS, 2 PLATES 


“CORNIFEROUS” AT IRVINE, ESTILL COUNTY, KENTUCKY 


A. C. McFARLAN, L. B. FREEMAN, anv V. E. NELSON 
Lexington, Kentucky 
ABSTRACT 

The “Corniferous” as a name for an important producing zone in Kentucky has been something 
of a catch-all for a number of different Silurian and Devonian limestones underlying the Ohio shale, 
a matter of unconformity and regional overlap. A thick Silurian limestone section east of the Cin- 
cinnati arch wedges out westward in the vicinity of Irvine. This stratigraphic trap has been pro- 
ductive in the Irvine-Big Sinking field, and in the Ragland and Menifee pools. 

Erosion remnants of this Silurian wedge are recognized in outcrop in the vicinity of Irvine, Estill 
County, overlapped by the eastward feathering edge of the Boyle limestone. These stratigraphic 
relationships in outcrop give an insight into the complicated underground situation in the near-by 
productive area. Subsurface studies in the vicinity complete the picture. 

The ‘‘Corniferous” has been a major producer of petroleum in Kentucky, but 
the term has been something of a catch-all for any producing zone a short distance 
below the Black shale. The particular limestone, or limestones, vary from place 
to place so that a number of different formations are involved. This is mainly a 
matter of unconformity with regiona] overlap by middle Devonian limestones 
and the Ohio shale truncating successively older formations toward the axis of 
the Cincinnati arch. 

At the outcrop in Kentucky, the overlap is by the Jeffersonville limestone in 
the west, and the Boyle limestone in the southwest and east. In some places the 
black shale cuts through to the underlying rocks. Subsurface work has shown that 
while there is an extensive Jeffersonville (Grand Tower) overlap from the west, 
it was succeeded by a Hamilton (Sellersburg-Boyle) overlap on a grander scale. 
This invasion apparently was from the west and southwest, and extended east 
to the region around Irvine, Kentucky. From Irvine to eastern Morgan County, 
the mid-Devonian has not been found in well samples (Freeman, 1941). In this 
region it is the Ohio shale that truncates the eastward-dipping Silurian succession. 

This paper involves a further study of the “Corniferous” in the vicinity of 
Irvine. Field work on the outcrop was carried on by McFarlan and Nelson. Sub- 
surface correlations were made by Freeman. 

The Ribolt, Bisher, and Lilley are recognized in outcrop as erosion remnants 
beneath the Black shale. Locally the “Corniferous” is represented by the Bisher 
and Lilley in the form of a buried hill against the flanks of which the Boyle 
limestone abuts. These observations extend the known occurrences of these for- 
mations in outcrop far south of the Ohio River. They add to the picture of the 
stratigraphic complexity of the producing zones. Proximity to producing pools 
makes these occurrences significant. 

Several outcrops of exceptional ‘‘Corniferous” are of particular interest. These 
are figured on Plates 1 and 2, and are discussed in the explanation of these 
plates. They occur in a region in which the normal section intervening between 
the Estill clay (Crab Orchard) and the Ohio shale is 20-25 feet of Boyle lime- 
stone, the upper cherty part of which has gone under the name of Casey. 
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Fic. 1.—Outline map of Irvine, Estill County, and vicinity. Localities referred to in explanation of Plates 
1 and 2 are indicated by number (1, 2, e¢ cetera)—Bisher and Lilley outcrop. Cross-hatched areas are Boyle outcrop. 

Round Hill fault (direction of displacement and continuity of fault incorrectly shown on Kentucky Geologi- 
cal Survey Estill County map) may be traced northward to the broad flood plain of the Kentucky River. While 
directed toward the southeast end of the section shown in Plate 2, the fault can not be recognized north of the 
river and apparently has died out. 
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SILURIAN AND DEVONIAN STRATIGRAPHY OF CENTRAL KENTUCKY 
SILURIAN 


East of Cincinnati Arch 


Cayugan Greenfield 
Peebles! 


Lockport = 
Lilley! 


Bisher? 
Ribolt 
Estill 
Clinton Waco 
Lulbegrud 
Oldham 


Medinan (Plum Creek) 
Brassfield 


Crab Orchard 


1 The important Corniferous iting of the Irvine pool. 
2 The lower “pay” of the Big Si pool, also the Big Six “pay” of eastern Kentucky. 


DEVONIAN 
West of Cincinnati Arch © East and South of Cincinnati Arch 
Genesee 
tie New Albany (including Duffin) Ohio—Chattanooga (including Duffin) 
ully 
2 | Casey Casey 

Hamilton | 33] Beechwood Boyle { 

| Silver Creek 
Onondaga Jeffersonville 


The various exposures shown in Plates 1 and 2, significant in connection with 
oil and gas production on the east, also help answer the question as to whether 
the absence of much, and in many places all, of the Silurian in the vicinity of the 
axis of the Cincinnati arch was due to non-deposition, or pre-Onondaga-Hamilton 
erosion. The exposures of the Bisher, Lilley, and probably Peebles, are along the 
feathering and deeply eroded western edge of these beds as they are met and 
overlapped from the west by the feathering edge of the Boyle limestone. The 
belt of overlapping Boyle and Bisher-Niagaran is narrow. 


SUBSURFACE 


Cuttings have been examined from thirty-seven wells drilled by. Wittmer and 
Dyer in the pool on the Louisville and Nashville Railroad properties at Ravenna, 
Estill County. Several sets of cuttings have been examined from wells offsetting 
this property, from wells northeast of the pool near the mouth of Cow Creek, 
and from scattered wells elsewhere in the county. Except in the case of the 
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PLATE 1 


Fic. 1 (Loc. r).—Road cut 33 miles north of Irvine and 23 miles south of Harg Station on Ky. 89 
where material has been removed to make the highway fill across the bottoms of Calloway Creek. 
A measured section shows: 


Feet Inches 

(g) Ohio shale 

(f) 8 Covered 

(e) «11 Interbedded gray shale and thin dolomitic limestone 

(d) I Dolomitic limestone in two beds, upper one coarsely crinoidal 
Bisher 4(c) 2 4 Similar to (a) 

(b) 8 Shale 

(a) 4 4 Porous somewhat crinoidal massive dolomitic limestone 
Ribolt Gray shale with considerable interbedded thin dolomite 


There is a total of 19 feet of exposed Bisher and a covered zone of 8 feet between it and the Ohio 
shale above. Across the road southwest, and 200 yards away, the typical Boyle limestone occupies 
the same interval in the section. 

Fics. 2 and 3 (Loc. 1’).—Road cuts on opposite sides of the highway, $ mile south of 1. In the 
cut shown in Figure 3, a 24-foot section of dolomitic limestone is exposed and cut by a small fault. 
The upper 6 feet is coarse-grained, highly crinoidal, and identified as Lilley on the basis of exposures 
to the south (Fig. 4). It is deeply weathered, very porous and much of it crumbly. The rest is Bisher. 
Loose blocks at the base of the cut have yielded an abundance of the characteristic Bisher Whit- 
fieldella cylindrica. In Figure 2, Bisher containing Whitfieldella rests on Ribolt. 

Fic. 4 (Loc. 1”).—Creek exposure along side of the road and 100 yards south of 1’. The Lilley 
is faulted down against, and on, the Crab Orchard with downthrow to the southeast and vertical 
displacement of about 15 feet. The Lilley here is hard crinoidal limestone showing little porosity, 
but intermediate stages of weathering between it and the deeply weathered porous rock previously 
mentioned are shown in the creek bank. The blue-gray fresh rock turns brown and red on weathering. 
Characteristic Cladoporas are fairly common. 

Loc. 2.—A half-mile north of (1) and just west of the road, an isolated boulder of Lilley shows 
black shale wrapped around its upper surface. 

In none of these exposures does the Boyle limestone overlap the Lilley. Instead, the Bisher- 
Lilley succession occupies the same Crab Orchard-Ohio shale interval normally occupied by the 
Boyle, and constitutes a pre-Boyle buried hill. The Bisher-Lilley rocks, occupying the same interval 
as the Boyle, at first sight appear to be a lithologic facies of it, and the exposure shown in Figure 5 
was referred to as such by the senior writer in 1943. 


PRESENT 
SURFACE 


PRE~BOYLE 
EROSION 
SURFACE; 


EstTict — 


Diagram of relationship of Boyle limestone to Bisher and Lilley formations at Loc. 1, 3} miles north of Irvine. 
Boyle abuts against flanks of a hill formed of Bisher and Lilley. 


Fic. 5 (Loc. 3).—Outcrop in the northeast bank of the Kentucky River beneath the old bridge 
at Irvine. The rock, a deeply weathered, soft, porous dolomitic limestone, is Bisher, dipping down- 
stream under cover. Within less than a mile southeast the “Corniferous” is productive in the Ravenna 
pool. Proximity to outcrop suggests that the Ravenna “pay” is Bisher. Freeman finds that both 
Boyle and Bisher produce. 
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Ravenna pool and a few wells outside the pool areas of Estill County, samples 
of the cuttings had not been saved. Thus, the subsurface geologic picture is in- 
complete. 

In every case within the Ravenna pool the Devonian cherty limestone (Boyle) 
is present and is separated from the base of the black shale only by some pyrite 
and a few grains of coarse, rounded and frosted quartz sand. The Boyle can be 
zoned due to the differences in the character of the cherts. It varies in thickness 
from 2 to 15 feet. In some wells, the black shale rests on the upper cherty dolomite 
which is recognized by light to dark gray, dense chert which typically is spiculose. 
In places the shale rests on the more or less crinoidal dolomite which intervenes 
between the upper heavy chert ledge and the lower cherty part where the chert 
is lighter gray in color, semi-translucent, spiculose, and contains dark carbo- 
naceous inclusions. In some wells only the lower chert is present, and where this 
is true the lower part of the section has been subjected to weathering and the 
chert shows leaching. This leached zone makes a good horizon marker within a 


limited area. 
The Boyle rests on varying thicknesses of Silurian dolomite. None of the wells 


PLATE 2 


Section exposed in Louisville and Nashville Railroad cut at the new bridge over the Kentucky 


River at Irvine (Loc. 4). 
The stratigraphic section includes: 
(d) Ohio shale with interbedded dolomite in lower part which has commonly been regarded as 


uffin 
(c) Casey limestone, the cherty upper Boyle. Here only 6 feet thick, it constitutes entire Boyle 
section 
(b) Large boulders of massive gray dolomite, some of it crinoidal 
(a) Crab Orchard (probably Ribolt) shale 


Significant observations include: 

1. The Ohio shale sags in between the blocks of limestone, a matter of compacting and sagging 
following deposition, not later disturbance. 

2. Typical cherty Casey limestone crops out 350 feet up the track from “A.” It may be traced 
with only a minor break to “A” where it is 5 feet thick and only the upper 1 foot contains chert. 
Toward the southeast it feathers out in the troughs “AB” and “BC” between boulders and overlaps 
the tilted edges of the lower parts of the latter (see ““B”’). 

The Casey turns up sharply on both sides of boulder “A” and wraps itself around the top of it. 
It also turns up sharply on both sides of “‘B” and against “‘C.”’ It is a deposit laid down in these 
troughs and unconformably overlies and overlaps the crinoidal rock (see “A”-“B”). 

3- The simulated anticline “BC” and syncline “CD” are tilted and isolated blocks, the false im- 

—_— of continuity between “B” and “C” being given by the 1 foot of Casey limestone in that 
trough. 
4. Stratigraphic identification of the boulders offered some difficulty. As indicated above, they 
are pre-Boyle. The lithology varies, but some of the boulders are the counterpart of the Lilley shown 
in Plate 1, Fig. 4. Others may be Peebles, but all are one or the other of these Niagaran dolomites 
which are well known sources of oil a few miles northeast under cover. 

5. Solution played a prominent réle in removing the Niagaran. Deep solution channels in the 
base of the blocks are shown at “B” and “D.” Squeezing up of the Crab Orchard shale into these and 
other re-entrants in the base of limestone may have been in part from pressure of the weight of over- 
lying strata, but mainly from pressure associated with faulting in the vicinity. (See outline map, 
Fig. 1.) That the land was low at the time of erosion is indicated by these solution channels. The rock 
could not have been much above the water table, for any active stream weuld have knifed rapidly 


into the weak underlying shale. 
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was drilled completely through the section into the green shales below, and many 
of them were not drilled through the Boyle. However, vertical lithologic changes 
within the Bisher section make it possible to zone it and the correlation of these 
zones indicates that the Boyle does not everywhere rest on the same zone. 

The thickest Bisher section shows, at the top, gray dolomite, evenly crystal- 
line with the texture of a sandstone, with no chert or only rare fragments of 
chalcedony. Beneath this is gray-brown dolomite with inclusions of darker, 
slightly argillaceous fragments, in places with thin breaks of very fissile gray 
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13. Ropcers Wert No. 
14. Jones No 21 


Fic. 2 


shale. Underlying this the dolomite looks like a fossiliferous and crinoidal gray 
limestone, and in some places the dolomite seems almost to have assumed the 
crystal habit of calcite. In some wells this dolomite is broken up very finely and 
is more cream-colored where it contains water. In a few wells the Devonian chert 
rests on this layer. 

The thickest section of Devonian measured above the weathered chert crosses 
the area of best production, which in this pool has a northeast-southwest trend, 
at about a 60° angle. The thickest section of Silurian is in the area of best pro- 
duction and the best well on the lease is in that part of the lease where the thick 
Silurian crosses the thick Devonian section. However, this well was not drilled 
through the Devonian chert and is thus producing entirely from it. 

The Ravenna wells are located 1-13 miles south and southeast from the out- 
crop (Loc. 3, Plate 1, Fig. 5). Production in this pool comes from both Boyle 
and Bisher, and is characterized, as in near-by pools, by a distinct water drive. 
The permeability is such that great care must be exercised to maintain the proper 
oil-water pressure ratio or the water by-passes the oil and ruins the well. 
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A similar stratigraphic section is found in an extension of the trend of pro- 
duction northeast from the Louisville and Nashville Railroad wells into the 
Irvine pool. In wells at the southwest end of this pool and as far east as the Paul 
Rodgers No. 1, drilled by the Wood Oil Company, the Boyle cherty dolomite 
overlies the Bisher, and perhaps Lilley, producing zones. However, in the area 
about 2 miles east of the Rodgers well the Petroleum Exploration has been re- 
pressuring wells, and cores from these show no sign of Devonian between the 
black shale and the Silurian porous dolomite and sandy dolomite (Bisher). 
A composite section made from samples obtained from two wells drilled on the 
Alexander and Rawlins farms just north and east of Irvine indicate that there 
is about 25 feet of Devonian cherty dolomite present and about 50 feet of Bisher. 

No samples are available from the wells of the Station Camp pool southwest 
of the Ravenna pool, but samples from the Collins Heirs’ well No. 1 on the 
Middle Fork southwest of Station Camp have no Devonian at all and the black 
shale rests on Silurian which lithologically is different from the normal section 
and is very similar to western Kentucky Niagaran with pink crinoidal limestone 
interbedded with the dolomite. Wells drilled south of Ravenna near the Jackson 
County line, southeast of Station Camp, have no Devonian limestone. 
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GRABENS IN GULF COAST ANTICLINES AND THEIR RELA- 
TION TO OTHER FAULTED TROUGHS! 


| WILLIS G. MEYER? 
Dallas, Texas 


ABSTRACT 


Grabens are present in many of the domes and anticlines in the Gulf Coast of Louisiana and 
Texas. In some cases, these grabens are believed to overlie horsts to form graben-and-horst structures. 
This type of structure probably exists in many uplifted areas outside the Gulf Coast province. In 
areas where grabens or horsts are exposed at the surface or are encountered at shallow depths, the 
possibility exists that they may be segments of graben-and-horst structures. Geophysical and surface 
4 geological data on rift valleys show certain similarities with graben-and-horst structures in Gulf Coast 
: anticlines. These similarities suggest that rift valleys may be the exposed upper part of large graben- 
i and-horst structures formed as a result of the crustal uplift present in areas traversed by rift valleys. 


INTRODUCiION 


Grabens are found in many domes and anticlines in the Gulf Coast of Louisi- 
4 ana and Texas. In some places they overlie salt plugs, in others they are in domes 
i generally believed to be underlain by deep salt, and in a third group they are in 
anticlinal structures that are probably not associated with salt. Grabens varying 
in size from those observed on the Gulf Coast to some of great magnitude also 
i have been reported in other areas of pronounced uplift. This presence of down- 
] faulted blocks directly over intruded or sharply upfolded rock masses arouses 
| speculation on the nature of the basal structure of grabens and the manner in 
; which space compensation for the downfaulting of a rock mass over an uplift is 
"4 effected. A wealth of subsurface data is generally available on oil-field structures, 
| particularly those on the Gulf Coast. It is, therefore, possible to study them in 
considerable depth, an advantage not enjoyed to any great extent in other areas 
where grabens are found. 

The purpose of this paper is to consider three possible systems of faulting 
| which may be present wherever grabens are found. Two of these are well known, 
i and one or the other has generally been assumed to represent the type of structure 
into which grabens develop in depth. The third system has heretofore received 
little or no consideration. It is, however, consistent with certain data from Gulf 
Coast structures and from some areas outside the Gulf Coast, and it may repre- 
sent the structure of many grabens of all sizes in the earth’s crust. 


GULF COAST GRABENS 


Some of the oil fields in which grabens are found are: the Conroe field, Mont- 


1 Manuscript received, December 4, 1943. 


2 Consulting geologist, DeGolyer and MacNaughton, Continental Building. All illustrations, 
except Figures 5, 6, and 7, are by E. E. Hurt, and the electrical logs in Figure 4 are published through 


the courtesy of the operating companies. 


4 

541 


4 
| 
Bs 
4 
j 
4 
4 


542 WILLIS G. MEYER - 


gomery County,* the Raccoon Bend field, Austin and Waller counties,‘ the Tom- 
ball field, Harris and Montgomery counties, the Orange field, Orange County, all 
in Texas,’ and the Cheneyville field, Rapides Parish, Louisiana. Salt has been en- 
countered only in the Cheneyville field. 

Viewed in the abstract, three fault systems which would allow the formation of 
a graben over an upward moving mass of rock are possible. First, both faults may 
terminate in depth at or above the line of convergence of the faults. Second, one 
fault may extend beyond the line of convergence while the second fault terminates 
against the first. Third, the faults may cross and form a horst beneath the graben, 


Fic. 1.—Cross section of graben in anticline in which one fault ends against the other. 


a pattern herein referred to as a “‘graben-and-horst” structure. Probably all three 
types of structures exist. 

In the first case, where neither of the faults extends beyond the line of con- 
vergence, space compensation is entirely by rock flow. A structure of this kind is 
described by G. C. Gester and John Galloway® and by Stuart K. Clark.’ These 
are multiple fault systems, but the larger pattern, according to the interpretation 
of the authors, is of this type. Although this type of structure must be considered 
a possibility wherever a graben is present, it is not applicable if faulting is ob- 
served below the line of convergence of the master faults. Furthermore, since 
downdropping of the rock between the faults is by rock flow only, the throw of 
opposing faults should be nearly equal. Therefore, this type of structure is prob- 

3 Frank W. Michaux, Jr., and E. O. Buck, “Conroe Oil Field, Montgomery County, Texas,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 20, No. 6 (June, 1936), p. 746. 


4L. P. Teas and Charis R. Miller, “Raccoon Bend Oil Field, Austin County, Texas,” ibid., 
Vol. 17, No. 12 (December, 1933), p. 1471. 

5 Alexander Deussen and E. W. K. Andrau, “Orange, Texas, Oil Field,” ibid., Vol. 20, No. 5 
(May, 1936), pp. 543-48. 

6 G. C. Gester and John Galloway, ‘Geology of Kettleman Hills Oil Field, California,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 17, No. 10 (October, 1933), p. 1188. ~ 


7 Stuart K. Clark, “Classification of Faults,” bid., Vol. 27, No. 9 (September, 1943), pp. 1258-60. 
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ably not present wherever opposing faults have greatly dissimilar amounts of 
throw. 

In the second case (Fig. 1), a2 substantial amount of rock flow is required be- 
cause void space would be formed by this system of faults if the rock mass were 
completely rigid and did not flow. Credence is attached to this possibility by the 
laboratory models of Cloos® and others which show approximately this sort of 
structure by submitting wet clay to tension by means of a movable support. 
Largely on the basis of these models, this type of structure has often been as- 
sumed for the Rhinegraben and for many other fault troughs. This type of fault 


Fic. 2.—Cross section of anticline in which graben faults cross and form a horst below. 


system probably exists in some Gulf Coast oil-field structures. Such a system is 
easy to visualize, for example, in South Cotton Lake field, Chambers County, 
Texas,® where a fault with a throw of less than 50 feet opposes one with a throw 
of nearly 400 feet. 

The third fault system, which is believed to be present in a number of areas, 
is shown in cross section in Figure 2. In this case, the faults cross and form a horst 
beneath the graben, the plug itself being a part of the horst in the case of salt 
domes.!° By this system of faults, the downdropping of a fault block against an 
upward intruded or sharply upfolded rock mass is possible, and the necessary 
lateral extension of the strata over the top of the anticline is achieved. This 
graben-and-horst structure may be defined on either side by several faults instead 
of one. The structure may be further complicated by associated faults oblique to, 
or at right angles to, the master faults. 


8 Walter H. Bucher, Deformation of the Earth’s Crust (1933), pp. 337-38- 


9 Joseph M. Wilson, “South Cotton Lake Field, Chambers County, Texas,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 25, No. 10 (October, 1941), pp. 1916-17. 


10 A type of structure similar to this is illustrated in a paper by J. M. Bugbee, “Reservoir Analysis 
and Geological Structure,” Petrol. Tech., Vol. 5, No. 6 (November, 1942), pp. 1-12. Figure 2, “‘Di- 
agrammatic Strain and Fault Patterns of Incompetent, Gravitational-Type, Deep-Seated Struc- 
tures,” is used to illustrate the effect on water drive of “reservoir discontinuities effected by faulting.” 
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Figure 3 shows in cross section the results where the graben and horst are 
defined by two faults on one side and three on the other. It can be seen how com- 
plicated such a structure appears when mapped on any datum in the zone of 
intersection of the faults. Yet the basic pattern of this structure is identical with 
that of Figure 2 and with such relatively simple structures as Tomball and Con- 
roe fields appear to be when mapped on the top of the Cockfield. 

Graben-and-horst faulting as a minor structural feature has been recognized 
by a number of geologists. One such feature in Eola field, Avoyelles Parish, Louisi- 


c d e a b 


Fic. 3.—Graben-and-horst structure defined by two faults on one side and three on the other. 


ana, has been described by Bates." There is not sufficient information available in 
Eola field, however, to determine the nature of the deep fault pattern. 

Available subsurface data from Cheneyville field, Rapides Parish, Louisiana, 
fit well into a graben-and-horst interpretation. The strata over the salt are cut by 
two master faults which strike approximately east-west. Salt or cap rock has been 
encountered in two wells in this field. These are the Amerada Petroleum Corpora- 
tion’s Weil Company, Inc., No. 4 and No. 5. A south-north cross section through 
these and adjacent wells is shown in Figure 4. Allowing for a small range of error, 
a detailed examination of this section shows that faulting has cut out 250 feet 
of section at a depth of 5,450 feet and 650 feet at a depth of 5,700 feet in the No. 
5 well. A highly brecciated zone was encountered in this well at a depth of 6,695 
feet. The loss of section there is large but can not be accurately determined. Fault- 
ing has cut out 650 feet of section at a depth of 5,825 feet and 650 feet at a depth 
of 6,130 feet in the No. 4 well. Cap rock was encountered in the former at 6,812 
feet and at 6,680 feet in the latter. Approximately 125 feet of section are cut out 
at a depth of 4,900 feet in The Texas Company’s Weil Company, Inc., No. 2, and 
200 feet at a depth of 4,900 feet in the Amerada Petroleum Corporation’s Weil 
Company, Inc., No. 8. For reasons given later, the uppermost of the two north- 
dipping faults probably ends against the opposing master fault instead of crossing 
it and is of small magnitude in comparison with the master faults. 


Fred W. Bates, “Geology of Eola Oil Field, Avoyelles Parish, Louisiana,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 25, No. 7 (July, 1941), Fig. 5, p. 1372. 
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These data on position and throw of faults fit into the graben-and-horst type 
of structure as illustrated in Figure 4. This interpretation is strengthened by the 
fact that the Amerada Petroleum Corporation’s Weil Company, Inc., No. 4 is the 
lowest well on beds between the depths of 5,500 feet and 5,800 feet but is the high- 
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Fic. 4.—Graben-and-horst interpretation of data at Cheneyville field, Rapides Parish, Louisiana. 


est well on the salt and on the beds immediately above the salt. It is difficult to es- 
cape the implication that this well is in a graben at 5,500 feet and in a horst at 
6,500 feet, it being noted that two large faults are encountered between these 
depths. It can be contended, with justification, that an insufficient number of 
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wells have reached the salt to prove fully the type of structure present. However 
the available data fit better into the graben-and-horst type of structure than into 
alternative interpretations. 

Numerous faults striking principally east-west and north-south are present 
over the entire field in shallow beds above the master graben-and-horst system. 
A distinctive feature of the Cheneyville structure is that these shallow faults 
have displacements of the order of magnitude of 50-250 feet in throw, while the 
faults in the zone approximately within 1,200 feet above the salt are more than 
600 feet in throw. This transition occurs in a very short vertical distance, and 
there is considerable uncertainty in following the master faults into the shal- 
lower strata. For this reason, conclusions on the deep structure can not be based 
with certainty on the fault system in the shallow beds. 

Two possible explanations exist for this sudden change in the throw of the 
faults in Cheneyville. First, it is apparent that deformation of sediments above 
salt plugs may arise either from the upward thrusting of salt plugs after the 
sediments are deposited or from differential compaction which would cause sub- 
sidence in the peripheral areas, resulting in tension and deformation of the sedi- 
ments over the plug. After a salt plug becomes static, the column of rock con- 
taining the salt plug must compact less than adjacent columns composed mainly 
of shale and sand. Beds deposited over the plug would then be stretched as they 
occupied a lower position around the plug than over it. Over any salt dome buried 
by several thousand feet of sediment, we thus have the possibility of two sepa- 
rate systems of faults, one immediately above the salt plug resulting from the 
last upward movement of the plug and the other resulting from differential com- 
paction. The former would involve sediments over the plug deposited previous to 
the last salt movement, while the latter could involve all sediments above the 
salt. It is probable that in the beds deposited before the last salt movement, some 
of the stresses resulting from differential compaction would be relieved by re- 
juvenation of old faults initiated by salt intrusion. This last movement along 
these old fault planes could extend upward into younger beds deposited after the 
last salt movement. This presents the possibility that faults of relatively large 
magnitude near the salt might be continuous with much smaller faults in over- 
lying beds. If this did occur, the change in throw would take place abruptly and 
would be entirely different from the frequently observed phenomenon of progres- 
sive increase in throw with depth. It does not follow, of course, that all faults 
resulting directly from salt movement are continuous upward with those result- 
ing from differential compaction. 

The second possible explanation for a sudden increase in the throw of faults 
over salt plugs is based on the possibility of two or more relatively small move- 
ments of the salt plug after the deposition of the oldest beds above the salt. 
If each movement was separated from the next by a considerable interval of time 
when more sediment was deposited above the salt, it is obvious that faults in the 
lower beds nearest the salt would have the cumulative effect of all movements, 
while progressively higher beds would be affected by fewer salt movements. Cor- 
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respondingly, the throw of the faults in the higher beds would be less than of 
those in the lower beds. Such changes in the throw of faults resulting from several 
separate salt movements would take place abruptly at intervals and would not 
be distributed gradually over large vertical distances. To explain all faulting 
over a salt dome in this way necessarily requires salt intrusion after an over- 
burden of many thousands of feet has accumulated, for faulting commonly 
involves great thicknesses of sediments over salt plugs. 

In the case of Cheneyville, proof for either of the previous explanations is lack- 
ing at the present time. The first alternative, that of one movement of the salt 
combined with the effect of differential compaction, is favored by the uncertainty 
of tracing the large faults near the salt into the overlying beds and by the seem- 
ingly inevitable presence of stresses in the beds over the plug as a result of 
differential compaction. Furthermore, if it is true, as has been frequently postu- 
lated,” that the movement of the salt took place more or less concomitantly 
with deposition of the sediments and consequently with a relatively thin covering 
at any time over the top of the salt plug, some cause in addition to upthrusting 
of the salt is required because thousands of feet of sediment over the Cheneyville 
salt plug are involved in the faulting. This postulated history of salt domes is 
consistent with but not essential to differential compaction as a cause of faulting 
in the shallow beds. The chief requirement is a static condition of the plug after 
the deposition and faulting of approximately 1,200 feet of sediment over the 
top of the plug. If this is the case, then the faults in the zone within 1,200 feet 
above the salt are of greater displacement than those observed at higher levels 
because the former are due to the actual uplift of the salt mass, while the latter 
are due to differential compaction. 

In either case, there are two different periods of faulting and probably two 
different causes of deformation. For this reason it is improbable that the upper- 
most of the two north-dipping faults in Figure 4 crosses the opposing master 
fault and continues downward. This is a relatively small fault and is probably 
related to the upper system. Furthermore, there is no evidence for this fault in 
the Weil Company, Inc., well No. 4 unless it crosses at the exact piercement point 
of the opposing master fault. 


GRABENS IN ANTICLINES OUTSIDE GULF COAST 


Grabens have been found in anticlines outside the Gulf Coast. An excellent 
example has been described by Claude C. Albritton, Jr.,!* in the Malone Moun- 
tains of Texas. In an anticline known as Gyp Hill, two normal faults, each having 


22 Donald C. Barton, “Mechanics of Formation of Salt Domes with Special Reference to Gulf 
Coast Salt Domes of Texas and Louisiana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 9 (Septem- 


ber, 1933), PP. 1025-83. : 
L. L. Nettleton, “Fluid Mechanics of Salt Domes,” ibid., Vol. 18, No. 9 (September, 1934), 


Pp. 1175-1204. 
Paul Weaver, “Discussion,” ibid., Vol. 18, No. 9 (September, 1934), p. 1201. 


13 Claude C. Albritton, Jr., “Stratigraphy and Structure of the Malone Mountains, Texas,” Bull. 
Geol. Soc. America, Vol. 49 (December, 1938), Pl. 1, Sec. A-B and p. 1802. 
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a throw of 500 feet and a heave of 150 feet, bound a graben. Subsurface data 
are lacking in this area, but if one extrapolates the dip calculated from the throw 
and heave given by Albritton, these faults would cross at a rather shallow depth. 

Stephen Taber" has also described a number of anticlines cut by grabens in 
Utah. The deep phases of these structures are unknown but the idea of inter- 
secting faults continuing in depth to form a graben-and-horst structure does not 
appear inconsistent with the known facts. That horsts are formed in anticlines 
in this area is indicated by the fact in the “Farnham” dome, a horst has been 
formed instead of a fault trough.’’ According to the writer’s hypothesis, the 
Farnham dome, as mapped at the surface, might simply represent a deeper phase 
of a graben-and-horst structure than the other domes in Utah where the “graben 
phase” is intersected by the present surface. This, of course, is not a justifiable 
conclusion for the structure of the Farnham dome but is a hypothesis to be 
considered. 


NORMAL FAULTS IN AUSTIN CHALK 


The Austin chalk in Dallas County, Texas, is cut by many small, normal 
faults. Displacements generally range from a few inches to 5 feet although some 
up to ten feet have been reported. These faults do not appear to go down into 
the underlying Eagle Ford shale any appreciable distance.’ Grabens, horsts, 
and intersecting systems of fractures are present. Figure 5!’ shows a graben 
located in the crest of a small anticline, and Figure 6'* is a sketch of a horst in the 
Austin chalk by Shuler. The point of convergence of the faults is below the 
surface in the graben and at the top of the escarpment in the horst. We can not 
determine, therefore, whether or not these are parts of graben-and-horst struc- 
tures. Figure 7, however, is a photograph of a system of faults which does show 
the zone of intersection. Although displacements along all planes, except the one 
dipping toward the right, are small, a clearly defined graben on the right of the 
large fault is in juxtaposition with a horst left of the main fault, and the probable 
relationship between this structure and those illustrated in Figures 5 and 6 is 
obvious. Shuler’? states that in some areas in the Austin chalk “horst and graben 
structures alternate in rapid succession.” The faults in these areas are only 
50-100 feet apart, and the dip of the fault planes ranges from 45° to 60°. As al- 
ready stated, these faults do not generally involve the underlying Eagle Ford 
shale, and it is, therefore, not possible to make a study in sufficient depth to 
determine whether or not these closely spaced grabens and horsts are separate 


14 Stephen Taber, “Fault Troughs,” Jour. Geol., Vol. 35, No. 7 (1927), pp. 581-90. 

% Tbid., p. 588. 

16 Dallas Petroleum Geologists, “Geology of Dallas County, Texas” (December, 1941), p. 67. 

17 Tbid., p. 68. 

18 Ellis W. Shuler, ‘The Geology of Dallas County,” Univ. Texas Bull. 1818 (March, 1918), 
p. 21. 

19 Tbid., p. 22. 
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Fic. 5.—Small graben in Austin chalk, quarry of Trinity Portland Cement Company, 
Dallas County, Texas. 


structures or simply the zone of intersection of a large multiple-fault graben-and- 
horst structure. Figure 8 shows how a group of grabens and horsts could be inter- 


Fic. 6.—Sketch of horst in Austin chalk on Cedar Creek, Forest Park, Dallas County, Texas. 
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preted as parts of a single structure. Failure to find the horst phase developed 
in the underlying Eagle Ford shale may be due to yielding of the shale by plastic 
flow or to the possibility that the Austin faulting is related to surface irregularities 
at the top of the Eagle Ford. If this is true, the faulting is probably related to 


Fic. 7.—Intersecting faults in Austin chalk, Turtle Creek, Dallas, Texas. 
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Fic. 8.—Cross section showing how group of closely spaced grabens and horsts may be resolved 
into single multiple-fault graben-and-horst structure. 


“lows” and “highs” of very low relief in the shale. It has been suggested” that 
differential compaction in the Eagle Ford may have given the relief at the 
Austin-Eagle Ford contact which, in turn, caused the faulting in the overlying 
beds. Whatever the origin of the forces causing the faulting in the Austin chalk, 
the pattern in places resembles that of graben-and-horst structures. 


2 Dallas Petroleum Geologists, of. cit., p. 69. 
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CONCLUSIONS 


From the foregoing data, two generalizations are apparent. The first of these 
is a well established principle subject to wide application. The second is one of 
three possible fault patterns to be considered wherever grabens are present in 
uplifted areas. 

1. Grabens may be formed over intrusions or in other structural uplifts as a 
result of tensile or shearing stresses in the upfolded rock mass. 

Although grabens cutting across domes are common in the Gulf Coast, little 
effort appears to have been made to apply this principle to broader fields of struc- 
tural geology. The writer believes that recognition of vertical movements as a 
cause of grabens will be of value in structural interpretation in many areas. 

2. The faults of grabens in uplifted areas may cross and form a horst beneath 
the graben. 

As previously stated, three possibilities exist wherever graben faulting is 
present: (1) both faults may terminate in depth at or above the line of conver- 
gence, (2) one fault may continue in depth while the opposing one terminates 
against the first, and (3) the faults may cross and form a graben-and-horst struc- 
ture. Consideration has heretofore been limited largely to the first two alterna- 
tives. Little consideration has ever been given to the third. 

That grabens are found in salt domes and in domes which probably contain 
salt plugs at great depth can scarcely be denied. In a salt dome of the Cheney- 
ville type where two or more faults of large throw are present directly over the 
apex of the salt, a horst, involving at least the salt plug and a block of sediment 
over the plug is implied. A photograph of intersecting normal faults is given in 
Figure 7. 

If the same conditions of lithology and stress are present below the graben as 
in the beds where graben faulting is observed, then the formation of a horst 
below the graben is very likely since horst faulting gives the same relief to 
stresses that graben faulting does. Conditions of stress can, of course, change 
with depth as they do in isoclinal folds. In this type of fold, grabens could 
develop in the most severely stretched zone and rock flowage occur in the area 
below the graben between the vertical or nearly vertical limbs of the anticline. 
However, faulting in the areas previously described as involving, or possibly 
involving, graben-and-horst faulting is in folds of the open type where conditions 
of stress under the graben are not likely to be greatly different from those in the 
graben area itself. 

Different kinds of stresses have frequently been assumed for grabens and 
horsts in the literature of structural geology. Actually they may be parts of a 
single structure, formed simultaneously by the same forces. Surface exposures 
give only a limited view of fault structures, and data from oil wells are limited 
to less than three miles in depth. This condition has given us only localized 
pictures of structures and has led us to the assumption that grabens and horsts 
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are complete structural units. In some cases this is not true. Much is to be gained 
by consideration of the possible presence of a larger structural unit, of which a 
graben or horst may be only a part or segment. 


, RIFT VALLEYS 


Outstanding among all grabens in the earth’s crust are, of course, the rift 
valleys. Without subsurface data about these areas, the nature of the structure 
beneath the surface as well as the origin of the rifts are subjects upon which there 
is little agreement. Certain facts are apparent from surface and geophysical 
data, however. 1. Most rift valleys cut through mountains, high plateaus, or other 
areas of pronounced uplift. 2. Igneous extrusions are generally associated with 
rift valleys. 3. Gravity data indicate an excess of light matter beneath rift val- 
leys. 4. Rift valleys are bounded on either side by nearly parallel faults. Most but 
not all investigators agree that these master faults are normal. The rift valleys of 
Africa transect the highest plateaus of the continent, and volcanic rocks are 
scattered throughout a great part of the faulted areas. Furthermore, gravity data 
indicate that the African rifts are underlain by an excess of light material.”! 
Similar conditions prevail in the Rhinegraben where mountains flank the rift 
on either side. 

The presence of grabens in uplifted areas is thus common to both rift valleys 
and to certain of the Gulf Coast oil-field structures. Lacking subsurface data on 


« 


Fic. 9.—Hypothetical cross section of rift valley showing graben-and-horst structure in uplift 
associated with igneous intrusion. 


rift valley structures, the most promising approach would seem to be a com- 
parison with similar areas upon which subsurface data are available. The tectonic 
similarities between the great fault troughs cutting through elevated plateaus 
and the smaller grabens cutting through the Gulf Coast domes suggest similarities 
in the deeper phases of these structures. 

The presence of extrusives in the elevated regions through which the rifts 
cut suggests the possibility that the great uplift might have been caused by 
deep-seated igneous intrusion. This condition would be parallel with the graben- 
and-horst faulting over the salt intrusions of the Gulf Coast. Figure 9 is a 
hypothetical cross section showing how a rift valley might thus be formed over 
an igneous intrusion. 


21 Reginald Aldworth Daly, Strength and Structure of the Earth (1940), pp. 218-24. 
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It is also possible, however, that the uplift took the form of a great bulging 
of the crust without excessive intrusion of igneous material as illustrated in 
Figure 10. Stretching of the crust over the bulge could cause graben-and-horst 
faulting without intrusion just as such faulting has occurred in some Gulf Coast 
anticlines where salt intrusion has not been observed. In this case, the zone of 
intersection of the faults could be located deeper in the crust than in the case of 
igneous intrusion. A large part of the “horst phase” of the structure could, in 
fact, be lost in the zone of flow below the crust just as the lower phase of the fault 
systems of the Austin chalk are lost in the less brittle underlying Eagle Ford shale. 


Zone of flow 


Fic. 10.—Hypothetical cross section of rift valley showing graben-and-horst structure in uplift 
— associated igneous intrusion. Part or all of “horst phase” may be lost in zone of flow be- 
neath crust. 


A graben-and-horst structure is consistent with gravity data on rift valleys. 
The indicated excess of light material would cause a rise of the rock mass under 
the usual interpretation of isostasy. As previously stated, it does not matter 
whether this rise was primarily of an intrusive nature or primarily a great up- 
bulging of the crust with intrusives playing only a minor role. In either case, 
graben-and-horst faulting could develop in the uplift, the rift valley being only 
the superficial and exposed phase of the structure. Some geologists have ex- 
pressed difficulty in reconciling a downdropped block with gravity data which 
indicate an excess of light matter beneath and a consequent tendency for upward 
movement. Because it seemed that some mechanism was required to “hold down” 
the fault block against the upward hydrostatic forces operating, reverse faulting 
under horizontal compression was postulated. Since graben-and-horst faulting 
is consistent with uplift, no such mechanism for holding down the graben block 
is needed. 

The foregoing remarks on rift valleys are offered only as a working hy- 
pothesis, and no attempt is made to prove or disprove it. It is believed, however, 
that comparison of rift valleys with the Gulf Coast oil-field structures described 
offers an approach to the problem of the subsurface structure and origin of rift 
valleys that has heretofore received little attention. 
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GEOLOGICAL NOTES 


INTERESTING WILDCAT WELLS DRILLED IN NORTH LOUISIANA 
IN 1942! 


B. W. BLANPIED? anp ROY T. HAZZARD? 
Shreveport, Louisiana 


BOSSIER PARISH, BELLEVUE FIELD 


The Phillips Petroleum Company’s Kendrick well No. 1, Sec. 22, T. 19 N., R. 11 W., 
in the Bellevue field, was completed as a dry hole, in salt, in October, 1942, with total depth 
of 9,070 feet; top of the salt was encountered at 9,046 feet. 

The Bellevue structure is interesting from the standpoint of the structural and sedi- 
mentary geology of the North Louisiana area. The growth of this structure is reflected in 
the subsurface of the Tertiary and of the Upper and Lower Cretaceous, with deformation 
increasing in intensity with depth. Interpretation of the stratigraphic and structural data 
indicates that the Bellevue area was subjected to at least three distinct periods of domal 
uplift, and, additionally, there is stratigraphic evidence that the dome was growing slowly 
during deposition of the Cretaceous and Tertiary. 

Following is an interpretation of the formational contacts encountered in the Kendrick 
well. Top Saratoga chalk, 710 feet; base of Annona chalk, 990 feet; Buckrange sand (basal 
Taylor), 1,140-1,168 feet ; top Austin, 1,168 feet; top first sand in Tokio, 1,219 feet; 
base of Austin (base northerly feather-edge of the Ector tongue), 1,780 feet; top Eagle 
Ford, 1,780 feet; basal beds of Eagle Ford age, the Lewisville volcanics, made up of varie- 
gated shales and tuffaceous sands, 1,830-1,878 feet; Upper Cretaceous-Lower Cretaceous 
contact, 1,878 feet; with the Lewisville volcanics resting on lower Glen Rose; top Three- 
Finger limestone, 2,462 feet, top Hosston, 2,760 feet; top upper Cotton Valley (Lower 
Cretaceous-Jurassic contact), 4,840 feet; top of “D” sand?, 5,385 feet; top Bodcaw sand?, 
5,480 feet; top of lower Cotton Valley, 6,525 feet; base of lower Cotton Valley, 8,160 
feet; top of Smackover limestone, 8,160 feet; top of salt, 9,046 feet. 

R. W. Imlay of the U. S. Geological Survey has recognized Lower Kimmeridgian and 
Upper Oxfordian (Argovian) ammonites in cores between depths of 8,000 and 8,800 feet. 


The basal Upper Cretaceous beds in the Kendrick well rest on limestones of lower — 


Glen Rose age. In comparison with wells drilled in the general area, the Paluxy, upper 
Glen Rose, Ferry Lake (massive) anhydrite, and approximately 200 feet of the upper part 
of the lower Glen Rose were removed from the Bellevue uplift during the erosional period 
between Upper and Lower Cretaceous deposition. Two wells northeast of the Bellevue 
uplift, and south of the Cotton Valley field, encountered a section of Washita and Fred- 
ericksburg. These post-Trinity Lower Cretaceous beds probably had a wide extent in 
Louisiana and Arkansas, north and east of Bellevue and were stripped during the period 
in which an estimated 2,000 feet of Trinity beds were eroded from the Bellevue uplift. 

Available subsurface information indicates that the Bellevue structure is intricately 
faulted in the Upper Cretaceous. The possibility of numerous faults in depth, and the 
absence of beds with the lithologic characteristics of the Buckner and of the odlitic lime- 
stone back-reef facies of the Smackover limestone, make it difficult to determine the top 
of the Smackover limestone in the Kendrick well. This difficulty is due to the lithologic 


1 Read by title before the Association at Fort Worth, April 7-9, 1943. Manuscript received, 
December 4, 1943. 


2 Gulf Refining Company. 
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‘similarity of sediments of the lower Cotton Valley and of the fore-reef facies of the Smack- 


over limestone. The lithologic character of cuttings and cores between 8,660 and 9,055 
feet indicates that this interval is comparable with the lower part of the Smackover 
limestone section encountered in deep wells in the North Lisbon field. The basal 40 feet is 
interbedded gray banded dolomite and fine granular dolomite and dark shale. Cores did 
not show perceptible dips. 

Certain regional stratigraphic and structural features must be considered before 
attempting an interpretation of the Jurassic section in the Bellevue well and in several 
deep wells drilled on the Sabine uplift. 

Drilling in South Arkansas, North Louisiana, and Texas has shown that the deposition 
of the Buckner occurred in a broad zone, extending from eastern Louisiana westward into 
Texas as far southwest as Limestone County. The east and southwest limits of the zone 
are not known but its inner edge approximately parallels the periphery of the Smackover 
limestone basin. Maximum width of the zone of Buckner deposition as now known is 
nearly 60 miles. The Buckner formation is approximately 300 feet thick in a deep well 
drilled in the southwest part of the North Lisbon field. Its presence out beyond the postu- 
lated barrier reef marks a southward regression of the Smackover limestone sea. During 
the regression, an interfingering sequence of lagoonal beds, with anhydrite and red shale, 
and shallow-water marine deposits was laid down. The Buckner overlies both the back- 
reef and fore-reef facies of the Smackover limestone. Lack of deep-well control makes it 
impossible to be certain of the regional continuity of the Buckner lagoonal deposits in the 
zone paralleling the periphery of the Smackover limestone basin. Whether or not Buckner 
deposition was interrupted by broad promontories extending out into the basin is a matter 
of conjecture. Changes in facies of the Buckner could be expected over uplifts of the sea 
bottom. 

Since several of the deep wells under consideration are on the Sabine uplift, it is neces- 
sary to define the usage of the term. The Sabine uplift is the broad uplift between the 
North Louisiana and the East Texas downwarps. Its north extent is limited by the Cass 
County syncline which trends eastward from Cass County, Texas, into southwestern 
Arkansas. Its south limit is the Angelina-Caldwell flexure. Its outline on the surface is 
approximated by the outline of the Tertiary Claiborne-Wilcox contact. Within its sub- 
surface extent the uplift is modified by faults, local domal uplifts, and downwarps. Ro- 
dessa, an elongate fault structure, is on the north edge. In Louisiana, Pine Island, Shreve- 
port, Sligo, Elm Grove, and DeSoto-Red River are localized structures, superposed on the 
major regional structure. The Waskom-Bethany and Logansport structures are located 
along the state line. The East Texas field lies on the west flank. 

Dependent on interpretation of well data, the Sabine uplift appears to have been a 
positive element during Upper Cretaceous deposition. All the previously named localized 
structural features on the Sabine uplift have a pre-Upper Cretaceous period of deforma- 
tion. It is reasonable to assume that the upwarp of the Sabine uplift, three stages of which 
are recognized, is related to movements in the underlying basement rock, and if this is 
true, periods of pre-Lower Cretaceous upwarp may have occurred. The lack of typical 
Buckner deposits in certain deep wells on the Sabine uplift is most easily interpreted as 
due to faulting, with the possibility that facies change or non-deposition may account for 
the non-appearance of the typical lithologic features. In light of the conception that 
older pre-Lower Cretaceous movements may have occurred, the possible existence of a 
post-Buckner-pre-Lower Cotton Valley erosion period must not be eliminated, particularly 
if the local uplifts on which the wells were drilled are known or suspected to be non-faulted 
structures. 

Table I shows the writers’ interpretation of the Jurassic sections in three wells on local 
structure on the Sabine uplift, in comparison with the sections at Bellevue, at North 
Lisbon, and in a deep well in Lafayette County, Arkansas. 
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TABLE I 
Stanolind : 
Cor Adams R,W.Norton, Jonata McAlester 
No.1, Thomas No.1, No. 1, Jeffus 
Cox Hrs., 3 W, 7. Ph’ 22-19N-11W, 13-21N-5W, 
Panale Co., “Caddo Ph Bossier Ph., Claiborne Ph., 
ex. hey a. 
Bethany nat island Rodessa Bellevue North Lisbon Ark. 
Sabine uplift Salt = in Fore-Reef basin In Back-Reef basin 
Elevation in feet above sea 287 237 222 323 260 
Depth in Feet below Sea-Level ° 
Top Upper Cotton Valley —-7,488 -5, 608 -7,868 -4,609 -7,169 -7,400 
Top Lower Cotton Valley -7 -9,733 ~6, 204 -9, 262 595 
Base Lower Cotton Valley -10,178 -8,803 10,098 -7,920 11,147 -9, 968 
Top Buckner Not present Notpresent Not present Not present 11,147 —-9,968 
Top Smackover limestone -10,178 8,803 -10,008 -7,929 -11,480 -10,132 
Base Smackover limestone —-r10,718 —-9 , 848 11,183 8,762 -13,007 Not 
Est. Est. below 
-10,800 
Top salt -10,780 -9,922 248 -8,815 157 Not reached 
st. Est. below 
-10,840 
Thicknesses 
Upper Cotton Valley 1,505 1,685 1,865 1,685 2,003 2,195 
Lower Cotton Valley I "185 1,420 35 I "373 
Buckner Not on Not present Not present Not aeee 164 
Smackover limestone 540 feroded) (1,045 eroded) (1,085eroded) 833 (eroded) 1,615 Be. 85 penetrated 
(N ormal) (Probably normal) 
Clastics above salt 62 14 65 53 60 Est. 


Detailed correlations of electrical-log markers in the Jurassic may be made between 
the Texas Company, Stanolind, Norton, and Phillips wells. These correlations do not 
indicate faulting within the Smackover limestone sections in these wells. The top of the 
Smackover limestone might be interpreted as a fault contact to explain the variations in 
the thickness but here again the electrical-log correlations of the basal part of the lower 
Cotton Valley make the fault interpretation difficult to accept. 

The interpretation of the details of the tabulation are summarized as follows. 

The McAlester well in Lafayette County, Arkansas, northeast of the wells on the Sa- 
bine uplift, has a longer Upper Cotton Valley section than the three wells on the uplift. 
This is indicative of pre-Lower Cretaceous (post-Jurassic) uplift and erosion of a part of 
the area of the Sabine uplift. 

The McAlester well and Norton’s Payne well in Rodessa have short lower Cotton 
Valley sections, suggestive of pre-Upper Cotton Valley erosion. 

The lower Cotton Valley section of the Stanolind well at Pine Island is approximately 
4 times thicker than the section in Norton’s Payne well, which indicates a pre-Upper 
Cotton Valley movement along the Rodessa fault, with downthrow on the south. 

There is no proof that a pre-Lower Cotton Valley (post-Buckner) period of erosion 
existed. The most tenable hypothesis, to the writers, to account for the absence of typical 
Buckner in the deep wells on the Sabine uplift and in the Kendrick well at Bellevue is the 
erosional hypothesis. If this hypothesis is accepted, the uplifts of Bethany and Bellevue 
were greater in amount than those at Pine Island and Rodessa, as measured in the amount 
of stripping of sediments. The upper 400 feet of the Smackover limestone in the Norton 
well at Rodessa was characterized by odlitic limestone of the back-reef facies; the lower 
part is typical of the fore-reef facies. The Smackover limestone of the Pine Island, Bellevue, 
and Bethany wells is of the fore-reef facies; whether or not odlitic limestones were present 
in the eroded sections is conjectural. On the assumption of 1,400 feet for the original com- 
bined thickness of the Buckner and Smackover limestones, the post-Buckner erosion at 
Bethany approximates 800 feet; at Bellevue, more than 500 feet; and at Pine Island and 
Rodessa, more than 300 feet. 
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Several interpretations may be made of the stratigraphic relationships of beds below 
8,100 feet in the Kendrick well. From study of cutting, core, and electrical-log records and 
consideration of the regional subsurface geology it is the writers’ opinion that the top of 
the Smackover limestone occurs at 8,160 feet and that the upper part of the Smackover 
limestone and the Buckner formation were eroded before deposition of the lower Cotton 
Valley. Compared with the thickness of the Smackover limestone of the fore-reef facies 
at North Lisbon, Claiborne Parish, and with the Smackover limestone in Rodessa, Caddo 
Parish, the shortened Smackover limestone in the Kendrick well might be attributed to 
erosion, faulting, non-deposition, or salt intrusion into the basal part of the formation. 
Of these four possibilities, only the last may be eliminated by stratigraphic evidence. 

Cuttings of medium to coarse conglomeratic sand were reported between 9,040 and 
9,050 feet in the Kendrick well, between the base of the limestone and the top of the salt. 
Elsewhere in South Arkansas, North Louisiana, and East Texas, 20-60 feet of sediments, 
in part reddish and gray sands and shales, occur between the base of the limestone and the 
top of the salt; therefore, it is reasonable to believe that the conglomeratic sand cuttings 
from the Kendrick well actually represent a bed of this horizon. In light of available in- 
formation, it is the writers’ opinion that the relation between the basal Smackover lime- 
stone and the salt in the Kendrick well is normal, with the clastics below the base of the 
Smackover limestone resting on salt. It appears that the growth of the Bellevue dome to 
its present structural position did not involve the intrusion of the salt into the sedimen- 
tary beds directly overlying it. 

Correlation of the electrical logs of the Stanolind and the Phillips wells shows a pro- 
gressive shortening of the intervals between a sequence of electrical log markers in the 
Phillips well, upward from the base of the Smackover limestone. It is the opinion of the 
writers that these shortened intervals in the Phillips’ Kendrick well are due to progressive 
uplift during deposition of the lower part of the Smackover limestone; a fault hypothesis 
to account for these shortened intervals would necessitate the presence of three faults of 
relatively small throw. 

Several prominent structural features in North Louisiana are present in the fore-reef 
basin south of the postulated barrier reef (see discussion of Hunt’s Mitchiner well in the 
East Haynesville area). On two of these structures, Bellevue and North Lisbon, deep wells 
have been drilled into salt. On both structures, it appears that the salt has not intruded 
into the basal part of the Smackover limestone although the uplifts on the top of the 
Smackover limestone may be as great as 1,000 feet. 

North Lisbon, Sugar Creek, Homer, Bellevue, and Sligo are prominent faulted domal 
structures which on some key horizon show an approximately circular outline. All have 
appreciable uplift at some depth. Of this group, Homer and Bellevue show the greatest 
amount of uplift in the Lower Cretaceous beds. The origin of these circular domal struc- 
tures must be attributed to an upward vertical force. Whether the salt is the active agent 
in causing the deformation, or whether it is a passive factor in the Bellevue structure, may 
be determined from the writers’ interpretation of its geological history. 

1. Smackover limestone and Buckner sedimentation followed by uplift and local truncation of 
uplifted beds. 

2. Cotton Valley and Lower Cretaceous sedimentation followed by uplift and local truncation 
of uplifted beds. 

3. Upper Cretaceous and Tertiary sedimentation followed by uplift and local truncation of 
uplifted beds. 


The foregoing sequence of events may be presented in footage of sediments. 


Footage Footage 

Sedimentation Erosion 

I 1,500 plus Uplift 500 plus 
2 6,000 plus Uplift 2,000 plus 
3 3,000 plus Uplift 1,000 plus 
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The latest dating of the uplift of the Bellevue dome is post-Claiborne; it actually may 
be considerably later. 

For the case of a sedimentary basin underlain by a salt deposit of considerable thick- 
ness, which has not been subjected to regional compressive forces, of any magnitude, it 
appears that the salt may remain static until a critical sedimentary loading factor has 
been exceeded. 

In localized areas in which there exist variations in the thickness of the salt due to its 
depositional enviroment or variations in thickness due to movements in the basement 
rocks below the salt, a pressure differential exists at some zone within the salt due to the 
difference in weights of adjacent rock columns. At some stage during sedimentation, lateral 
movement of salt takes place, simulating plastic flowage directed toward an area of lesser 
pressure. An upward bulge or breakage in the continuity of the upper salt surface would 
be a favorable area for the initiation of growth of the salt column. Upward movement of 
the salt ceases when the energy is expended in raising the overburden and overcoming 
friction. Once initiated, subsequent stages in the cycle may be repeated following later 
sedimentary periods. 

Bellevue and North Lisbon appear to represent different stages in the cycle of domal 
growth. The major faulting associated with the growth of the North Lisbon Smackover 
limestone structure does not go above the base of the upper Cotton Valley (an uncon- 
formity). Minor faulting occurs in the upper Cotton Valley below the Lower Cretaceous- 
Jurassic contact (an unconformity). The growth of the Bellevue dome contrasted to that 
of the North Lisbon dome has three definite stages. Deep drilling may show that Homer 
is similar to Bellevue in many respects. The greater uplift at Homer indicates a greater 
salt movement and it may be that actual salt intrusion into the Smackover limestone has 
taken place. 

The elongate domal structures such as Cotton Valley and Bistineau are thought to be 
comparable in origin with the circular domal structure. Subsurface studies of the Cotton 
Valley field show that the uplift is in three stages, which are separated by major uncon- 
formities. 

CLAIBORNE PARISH, EAST HAYNESVILLE AREA 


In February, 1942, the Hunt Oil Company’s Mitchiner No. 1, Sec. 15, T. 23 N., R. 
7 W., elevation 267 feet (derrick floor), was abandoned at 11,255 feet in salt after pene- 
trating approximately 300 feet of beds which may be correlated with the upper part of the 
Smackover limestone. The Mitchiner well is approximately 6 miles east of the Ohio’s 
Taylor No. 15, Sec. 15, T, 23 N., R. 8 W., an 11,274-foot Smackover limestone test in the 
Haynesville field in 1940. 

Formational contacts in Hunt’s Mitchiner well were logged at the following depths: 
top Upper Cretaceous, 1,920 feet; top Nacatoch sand, 2,038 feet; top Saratoga chalk, 
2,302 feet; base Annona chalk, 2,598 feet; base Tokio (base Austin) and top Eagle Ford 
shale, 3,195 feet; Lewisville volcanics, 3,340-3,413 feet; Upper Cretaceous-Lower Cre- 
taceous contact, 3,413 feet; base Ferry Lake (massive) anhydrite, 4,086 feet; top James 
limestone, 4,650 feet; top Hosston, 5,260 feet; top upper Cotton Valley (base Hosston), 
7,060 feet; top lower Cotton Valley, 9,065 feet; top Buckner, 10,485 feet (-10,218); top 
Smackover limestone, 10,885 feet (—10,618); top salt, approximately 11,200 feet, with core 
of salt between 11,235 and 11,255 feet. 

Cutting and electrical-log records of the Mitchiner well show that the lower Cotton 
Valley, Buckner, and the upper 300 feet of the Smackover limestone are comparable in 
thickness and lithologic character with the same units in the Ohio’s Taylor well in the 
Haynesville field, to its total depth. Top of the Buckner formation was encountered at 
10,550 feet (—10,212) and top of Smackover limestone at 10,957 feet (-10,619) in the Tay- 
lor well, making the Mitchiner and Taylor wells level structurally on top of the Buckner 
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and Smackover limestones. Approximately 315 feet of Smackover limestone was pene- 
trated in both wells, although salt was not encountered in the Taylor well at its total depth 
of 11,274 feet. The Buckner and Smackover limestone contacts in the two wells appear to 
be normal contacts. The foregoing interpretation of the sequence does not conform with 
the current opinion that the Smackover limestone of the Mitchiner well is the basal part 
of the Smackover limestone which normally occurs above the salt in the North Lisbon 
field, which is approximately 20 miles southeast of the Mitchiner well, in eastern Claiborne 
Parish. 

The comparable sub-sea depths on the top of the Buckner and Smackover limestones 
in the two wells, and the similar Buckner and Smackover limestone sections and their 
contact relationships, preclude the presence of a sharp domal uplift of the Buckner and 
Smackover limestones in the Mitchiner well alone, without a similar uplift underlying the 
Taylor well. Salt intrusion into the Smackover limestone of the Mitchiner well, if it actu- 
ally did occur, necessarily would be pre-upper Smackover limestone in age, and not post- 
Smackover or post-Buckner, if the Taylor well is considered to have a normal stratigraphic 
section to its total depth and to be a normal well structurally. The Smackover limestone- 
salt contact in the Mitchiner well may be interpreted as a fault contact; compared with the 
Taylor well 6 miles west, the Mitchiner well may have encountered the top of the Smack- 
over limestone on the downthrown side of a fault and passed into salt on the upthrown 
side. 

There is insufficient information on which to base a definite statement whether or not 
the Smackover limestone-salt relationship in the Mitchiner well is structural or strati- 
graphic. The following possibilities are pointed out: (1) salt lenses in the Smackover lime- 
stone, (2) fault relationship, (3) intrusive relationship, (4) abnormal stratigraphic rela- 
tionship. 

1. Salt lenses—The occurrence of salt lenses 300 feet below the top of the Smack- 
over limestone has not been recorded to date in deep wells drilled in South Arkansas 
and North Louisiana. 

2. Fault relationship.—Abnormal structural and stratigraphic conditions encountered 
in deep wildcat wells are most easily explained on the assumption that faulting has oc- 
curred, and in many places, additional drilling confirms the first assumption. The Smack- 
over limestone-salt contact in the Mitchiner well, if due to faulting, would require a fault 
with magnitude between 500 and 1,300 feet depending on the assumed thickness of the 
Smackover limestone. Faults of this magnitude are known in the subsurface of South 
Arkansas and North Louisiana, and from the present deep well control in Claiborne Parish, 
Louisiana, and in Union and Columbia counties, Arkansas, a fault, with any strike de- 
sired by the interpreter, may be assumed in the East Haynesville area. In light of available 
geophysical information, the writers, however, consider the fault hypothesis untenable. 

3. Intrusive relationship.—The character of the North Lisbon structure, eastern Clai- 
borne Parish, as contoured on the top of the Smackover limestone, and on top of the salt, 
indicates that this faulted structure may mark an incipient stage in salt-dome growth, with 
no actual salt penetration into the basal part of the overlying Smackover limestone. The 
short section of approximately 300 feet of Smackover limestone in the Mitchiner well, 
compared with the estimated 1,615 feet of Smackover limestone equivalent in the North 
Lisbon field, may be fairly good evidence that the relationship found in the Mitchiner well 
indicates a localized salt intrusion into the basal part of the Smackover limestone. 

4. Abnormal stratigraphic relationship.—It is the writers’ opinion that another logical 
hypothesis may be offered for the Smackover limestone-salt relationship in the Mitchiner 
well, which is that of an abnormal stratigraphic relationship. The usage of the term “ab- 
normal” means that the stratigraphic relation, which is dependent on structure, heretofore 
has not been recognized in the Arkansas-Louisiana Jurassic salt basin, 
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A regional structural feature, the axis of which approximates the Louisiana-Arkansas 
state line from west to east a distance of 35-40 miles, may be noted in the subsurface of 
the areas adjacent to the state line. This feature is the North Carterville-Haynesville- 
East Haynesville anticlinal trend, the alignment and outline of which are easily appre- 
ciated on regional contour maps, using the base of the Ferry Lake (massive) anhydrite as 
datum. In part, it is still visible on regional contour maps made on the base of the Annona 
chalk as datum. On the north, and more or less parallel with the anticlinal trend, is a re- 
gional synclinal trend. The anticlinal trend extends from T. 23 N., R. 12 W., to T. 23 N., 
R. 5 W., in Louisiana. 

It is visualized that a salt swell or salt anticline 40 miles in length from west to east, 
existed in the early Smackover limestone sea, forming a reef-like structural barrier, the 
top of which was at shallow depth throughout Smackover limestone deposition. Inside 
and landward from the barrier were deposited the back-reef non-odlitic and odlitic lime- 
stones. Across the top of the barrier, in late Smackover time, interfingering of back-reef 
and fore-reef deposits took place. The thick fore-reef deposits, made up of dark shales, 
dark limestones, and fine sands, are found at North Lisbon overlain by a relatively thin 
development of a shaly back-reef limestone deposit. Source of the fore-reef sediments 
appears to have been on the east, in part, and not across the reef. The deposition of the 
back-reef facies of the Smackover limestone, which is characterized by a lack of terrige- 
nous sediments, was controlled by the continuous upgrowth of the salt anticline to a depth 
near existing sea-level, and the cutting-off of a peripheral part of the basin during the re- 
gional downwarp of the whole basin. The thickness of the Smackover back-reef facies may 
be two or three times as great as the thickness of the Smackover limestone across the crest 
of the anticline, due to the downwarp of the back-reef basin while the crest of the salt 
anticline remained relatively static, as referred to existing sea-level. 

The North Carterville-Haynesville-East Haynesville structural trend, seen in the sub- 
surface of the Upper and Lower Cretaceous beds, is interpreted as resulting from the con- 
tinuance of the deeper movements along the buried trend of the salt anticline. 

The usage of the term “salt swell’ or ‘“‘salt anticline” carries no connotation that the 
Jurassic salt was an active agent in the development of the barrier reef. It is thought that 
the salt anticline came into existence early during Smackover time with a minimum 
thickness of clastic cover overlying the salt in the areas both north and south of the barrier 
reef. 

The prominent elongate anticlinal structures in the back-reef basin such as Schuler, 
Magnolia, Dorcheat-Macedonia, McKamie, Buckner, and Midway, are considered to be 
manifestations of the same type of basement-rock movements as that which gave rise to 
the older barrier-reef structure. It is the writers’ opinion that the regional west-to-east 
trends of the barrier reef and of the younger back-reef basin structures are inherited from 
basement-rock structures which may be of the age of the Ouachita Mountain folding. 

No direct evidence is available that the salt, which underlies the elongate anticlinal 
structures in the back-reef basin, was either an active or a passive factor in the deformation 
of the Buckner and Smackover formations. These structures appear to have originated 
before the lower Cotton Valley was laid down. The thickness of sediments above the salt 
when the first period of folding took place was probably less than 1,200 feet. Lithologic 
variations of the upper part of the Smackover limestone, between wells on and off struc- 
ture, suggest very shallow reef conditions along the crests of the anticlines, indicating 
local minor warping of the sea bottom. Loading imposed by the deposition of the upper- 
most Jurassic, Cretaceous, and Tertiary sediments may have been sufficient to induce 
some salt flowage in the back-reef basin structures, at periods subsequent to the original 
folding. 

It has been reported that interpretation of geophysical surveys indicates that the Mid- 


| 
| 
| 
| 


| 
| 
| 
| 
| 
‘ 
| 


GEOLOGICAL NOTES 561 


way structure in Lafayette County may not be underlain by salt, or, if present, may be 
very thin. There is some evidence that oldef Jurassic beds, which may be thick, underlie 
the salt in Arkansas and probably in Louisiana. The uplift of the Midway structure, if no 
salt is present, must be dependent on movements in the basement rocks transmitted 
through the pre-salt Jurassic beds. The Midway structure is one of the group of the struc- 
tures in the back-reef basin, and conceivably, the presence or absence of salt has no relation 
to its origin. 

The Jurassic salt which underlies the Smackover limestone has been correlated with 
the Eagle Mills redbeds. There is some evidence to indicate that the Eagle Mills is older 
than the salt. Tentatively, it is assumed that the Eagle Mills is Jurassic in age and that it 
is not the time equivalent of the Paleozoic section encountered in a deep well in More- 
house Parish, Louisiana. 

The nomenclature and stratigraphic sequence presented in the following correlation 
table are tentative, and may not be usable in the light of knowledge to be gained from 
future deep drilling. 

Jurassic 

Cotton Valley 
(Unconformity) 
Buckner 
Smackover limestone 
Back-reef and fore-reef facies 
Norphlet salt 
With redbed tongue above salt 
Werner anhydrite 
Eagle Mills 
(Unconformity?) 
Paleozoic 


SALT-DOME DISCOVERIES IN NORTH LOUISIANA IN 1942! 


B. W. BLANPIED? anp ROY T. HAZZARD? 
Shreveport, Louisiana 


Three piercement-type salt domes were discovered during the year, two of which are 
in Madison Parish and one in Tensas Parish. The Tullulah dome, in Madison Parish, is 
in the southeast part of T. 16 N., R. 12 E., 7} miles northeast of the Singer dome. The Cole- 
man dome, in Madison Parish, is in the southwest part of T. 15 N., R. 13 E., 11 miles 
southeast of the Singer dome. The Tullulah and Coleman domes are 6 miles apart. The 
Ashwood dome, in Tensas Parish, is in the southeast part of T. 14 N., R. 11 E., 63 miles 
northwest of the Newellton dome. One test on the Newellton dome, in the southwest part 
of T. 13 N., R. 12 E., was drilled during the year. 

Following is a summary of the 1942 developments on the three newly discovered salt 
domes and on the Newellton dome. 


COLEMAN DOME, MADISON PARISH 


The Continental Oil Company drilled two tests on a geophysical prospect in the south- 
west part of T. 15 N., R. 13 E. The first test, Watts No. 1, in irregular Sec. 40, T. 15 N., 
R. 13 E., penetrated calcite cap rock and lost drilling returns; it was abandoned in calcite 
cap rock, June 3, 1942, at the total depth of 3,387 feet. The top of the calcite cap rock was 


1 Read by title before the Association at Fort Worth, April 7-9, 1943. Manuscript received, 
December 4, 1943. 


? Gulf Refining Company. 
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encountered at 3,352 (—3,263) feet. The second test, Watts No. 2, was on the flank of the 
dome in irregular Sec. 41, T. 15 N., R. 13 E., 3 mile southwest of Watts No. 1; it was 
abandoned in Midway shale, July 14, 1942, at 5,447 feet. Structurally, on top of the Wil- 
cox, the flank test is 232 feet lower than the cap-rock test. The thickness of the Wilcox 
in Watts No. 1, the cap-rock test, was 626 feet; in the flank test, 2,372 feet. The thickness 
of the Claiborne in Watts No. 1 was 1,936 feet, which may be a faulted section. Survey 
of Watts No. 2, the flank test, ended below the top of the Cockfield so that the full Clai- 
borne thickness is not known. 


TULLULAH DOME, MADISON PARISH 


The Continental Oil Company’s Patterson No. 1, located on a gravity prospect with 
its approximate center in irregular Sec. 7, T. 16 N., R. 12 E., was dry and abandoned, 
September 5, 1942, at the total depth of 3,043 feet, in salt. The top of the salt was encoun- 
tered at 3,023 (—2,934) feet. Calcite and anhydrite cap rock were missing, and the Wilcox 
was directly in contact with salt. A section of 431 feet of Wilcox was encountered in the 
Patterson well; the Claiborne interval of 1,085 feet appears to be faulted, and much of the 
Cook Mountain and Cockfield formations is missing. 


ASHWOOD DOME, TENSAS PARISH 


The Carter Oil Company’s H. Jacoby No. 1, Sec. 34, T. 14 N., R. 11 E., was dry and 
abandoned, July 9, 1942, at 4,400 feet, in salt. The top of the calcite cap rock was en- 
countered at 3,994 (—3,919) feet; and top of the salt at 4,073 (-3,998) feet. The thickness 
of the Wilcox above the calcite cap rock was 802 feet; Claiborne thickness was 2,278 feet. 
At the total depth of the well, 327 feet of salt had been penetrated. No anhydrite cap was 
found overlying the salt. 


NEWELLTON DOME, TENSAS PARISH 


The Continental Oil Company’s W. W. Burnside No. 1, a southeast flank test on the 
Newellton dome, located in irregular Sec. 70, T. 13 N., R. 12 E., was abandoned in August, 
1942, at the total depth of 4,448 feet, in salt. The Burnside well was } mile southeast of 
the Continental’s Cammack No. 1, discovery well of the dome, which was drilled during 
1939 in Sec. 31, T. 13 N., R. 12 E. 

In the Cammack well, a thickness of 1,072 feet of Wilcox was encountered with the 
underlying calcite cap 64 feet thick and the anhydrite cap 91 feet thick. In the flank test, 
the Burnside well, Wilcox thickness was 1,266 feet, calcite cap, 14 feet, and anhydrite cap, 
48 feet. The Burnside well was 220 feet lower structurally on the top of the Wilcox than 
the Cammack well and 414 feet lower on the top of the calcite cap. 


HIGHEST STRUCTURAL POINT IN TEXAS! 


JOHN EMERY ADAMS? 
Carlsbad, New Mexico 


Occasionally erroneous statements, that are sufficiently plausible to be generally ac- 
cepted and quoted, are introduced into geological literature. One of these is that the highest 


1 Manuscript received, February 11, 1944. Published with the permission of the Standard Oil 
Company of Texas. 


? The Standard Oil Company of Texas. 
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structural point in Texas lies in the pre-Cambrian outcrops of the Van Horn uplift in 
Culberson and Hudspeth counties.* 

The use of the basement complex, where available, to determine comparative struc- 
tural elevations, meets with few objections, especially where the basement in both cases is 
known to be pre-Cambrian in age. 

The determination of comparative structural elevations is a problem that may be 
approached from several angles. It should be clearly understood from the first, that in this 
paper, only present structural elevations can be considered. All structural elements of the 
earth’s crust have a long history behind them. Some uplifts have been positive almost 
continuously since the beginning of known geologic time. Others have had a much shorter 
positive history and have been covered by much thicker sections. Obviously at some period 
in the past the most positive of these regions was higher than the rest, but these relations 
may now be reversed. 

It is the general practice to map structures on key horizons. Because of possible thick- 
ness variations it should be stated in any paper making structural comparisons whether 
the oldest or youngest available bed, or some horizon of intermediate age, has been used 
to make the comparative determinations. Even when the chosen horizon is present at 
higher elevations on one uplift than on another the problem is not always settled. In some 
places the key bed has been removed from part of the uplift by erosion. If there is good 
evidence to assume that the missing bed originally extended across the eroded area, 
mapping of the reconstructed surface is justified. This is done in mapping both surface 
and subsurface structures. In two structures of approximately equal altitude the recon- 
structed horizons on one may rise higher than their completely preserved equivalents on 
the other. As a rule the better the regional geology is known and the more completely 
the section is preserved the more accurate can be the reconstructions. Where evidence in- 
dicates the probability that the missing zones lapped out against the flanks of an uplift 
reconstructions should of course be limited to the beds originally present. In this case the 
area over which the key bed was not deposited may be left blank, or the surface or struc- 
ture of the underlying beds may be mapped instead. Subsurface maps substituting paleo- 
topography for true structure are relatively common. 

In those instances in which the relative stratigraphic position or age of the beds, on the 
two structures being compared, can not be determined, because of the lack of fossils or the 
lack of continuity, the problem of structural comparison may cause confusion. This is 
especially true in the case of the basement complex which in various parts of the world 
ranges from early pre-Cambrian to mid-Tertiary. In such cases the simplest method is to 
use some extensively recognized horizon within the complex or to regard the top of the 
basement as the horizon on which to contour. Here again obvious reconstructions can be 
made, but because of the questionable relationships and correlations such reconstructions 
are apt to be unsatisfactory. Certainly in the interests of intellectual honesty restorations 
should not be made in one region without considering the possibility of similar reconstruc- 
tions in the area with which it is being compared. 

By none of the methods mentioned can it be shown that the highest structural point 
in Texas is on the Van Horn uplift. The Upper Permian rocks of the southern Guadalupe 


5C. L. Baker, “Exploratory Geology of a Part of Southwestern Trans-Pecos Texas,” Univ. 
Texas Bull. 2745 (1927), p. 41. 

———,,“ Major Structural Features of Trans-Pecos Texas,” ibid., Bull. 3g01 (1935), P- 143- 

——, “Rim Rock Country of Texas,’”’ Pan-Amer. Geol., Vol. 75 (1941), P. 82. 

P. 8: King, “Outline of Structural Development in Trans-Pecos Texas,” Bull. Amer. Assoc. 
Peirol. Geol., Vol. 19 (1935), p. 223. 

“Older Rocks of the Van Horn Region of Texas,” ibid., Vol. 24 (1940), p- 

E. H. Sellards, “Pre-Paleozoic and Paleozoic Systems of Texas,” Univ. Texas Bull. oe (1933), 
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Mountains probably attain a higher structural elevation than the same rocks had on the 
Van Horn uplift. But the Guadalupe Mountains are a late uplift, the stratigraphic section 
is much thicker, and the basement complex, which is not exposed, is thousands of feet 
lower than at Van Horn. From the references citing the Van Horn uplift it is apparent 
that the elevation of the basement complex is regarded as the real factor controlling struc- 
tural interpretations. If this restriction is accepted the Guadalupe Mountains are ruled out. 

The other competitor for structural honors is the Franklin Mountain uplift north of 
E] Paso. Here the pre-Cambrian on the highest peak of the range attains an elevation of 
7,152 feet, which is approximately 2,000 feet higher than the exposed top of the complex 
on the Van Horn uplift. So, unless a reconstructed surface can be established at Van Horn 
that will make this uplift much higher than it now is, the Franklin Mountains must be 
regarded as the highest structure in Texas. 

The pre-Cambrian is not continuously exposed between the Franklin and Van Horn 
uplifts and therefore can not be definitely correlated. In both regions the exposed beds 
apparently belong in the Upper Proterozoic. The top of the pre-Cambrian is the oldest 
correlative horizon that can be recognized on the two uplifts. Present structure in the Van 
Horn region indicates that the pre-Cambrian Carrizo Mountain formation has been 
thrust over the pre-Cambrian Allamoore limestone and Hazel sandstone to the north. 
If it could be shown that the Carrizo Mountain schist were a very thick formation, that 
the full thickness were present at the front edge of the overthrust block, and that this 
thick Carrizo Mountain schist were overlain by complete sections of the Allamoore and 
Hazel formations, a reconstructed surface on top of the Hazel might attain a terrific ele- 
vation. But outside of the mylonite schists along the fault plane, which may indicate great 
pressure, we have no evidence of the weight or thickness of the overriding mass. Only a few 
hundred feet of Carrizo Mountain schist is preserved on the fault plane. The evidence for 
a thick overburden on the Carrizo Mountain is even more sketchy. King* has suggested 
that the Carrizo Mountain schist is equivalent to rather than older than the Allamoore 
limestone. There is no evidence to suggest that the Hazel sandstone ever overlay the Car- 
rizo Mountain formation. Even if it did it is highly improbable that it would have been 
carried forward on the flat type of thrust indicated. Therefore, it does not seem logical to 
restore the purely hypothetical surface that would be necessary if we continue to call the 
Van Horn uplift the highest structure in Texas. 

More than 5,000 feet of Paleozoic beds are present on the west flank of the Franklin 
Mountains.’ There is every indication that, until recently, these beds extended across 
what is now the crest of the range. All of these beds are older than any of the Permian 
beds exposed in the Guadalupe Mountains. A structure map on the restored topmost 
horizon of these post-Cambrian beds in the Franklins would show an uplift thousands of 
feet higher than that in the Guadalupes or on the Van Horn uplift. We are limited to the 
Permian as the highest of the younger formations on which to make comparisons, because 
it cannot be shown that the Cretaceous or any younger series of rocks ever completely 
covered any of the higher uplifts in this part of trans-Pecos Texas. But on the basis of the 
pre-Cambrian and the Permian the Franklin Mountain uplift is the highest structure in 
Texas. 


4 P. B. King, op. cit. (1940). 


5L. A. Nelson, “Paleozoic Stratigraphy of the Franklin Mountains, West Texas,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 24 (1940), pp. 157-72. 
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REVIEWS AND NEW PUBLICATIONS 


*Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


MINERALS IN WORLD AFFAIRS, BY T. S. LOVERING 


REVIEW BY JOHN L. FERGUSON! 
Tulsa, Oklahoma 


Minerals in World Affairs, by T. S. Lovering. Prentice-Hall Geology Series (1943). 
394+ix pp., including preface, table of contents, list of illustrations, appendix, and 
index. Prentice-Hall, Inc., New York, N. Y. Price, $5.35. 


“The concentrated value of ... minerals has stimulated exploration, their exploita- 
tion has led to commerce and power, their exhaustion to national decline and poverty.” 
This historically accurate statement of the importance of minerals in world affairs furnishes 
the foundation for Dr. Lovering’s discussion of 16 important minerals. These are divided 
into three groups: the mineral fuels comprising coal and petroleum, the ferrous and ferro- 
alloy metals including iron and steel, manganese, chromium, nickel, tungsten, molyb- 
denum and vanadium; the nonferrous industrial metals, copper, aluminum, lead, zinc, tin, 
mercury and antimony. 

A chapter is devoted to each of these minerals which is discussed briefly under the 
headings of uses, technology, economics, geology, distribution of important occurrences, 
production and consumption, political and commercial control, and influence on national 
policies. Small-scale maps accompany each chapter showing the world occurrence of the 
mineral under discussion, and a short bibliography closes each chapter. 

The outstanding part of the book is the introductory discussion of the economics, 
history, and geology of minerals and their influence on national power in accordance with 
the quotation at the beginning of this review. Dr. Lovering devotes one-third of the book 
to this careful analysis of the réle of minerals in the past in order that their present status 
in world affairs may be more readily ascertained. 

A fine balance is maintained in the discussion of the various minerals, with petroleum 
and iron and steel rightly receiving somewhat greater prominence. The information is 
condensed, and possibly too much coverage has been attempted in the small space allotted 
to each mineral. 

The book is well printed in large type on heavy coated paper, and the sparse illustra- 
tions are well selected. The occurrence maps are somewhat disappointing due to their 
symbolic representation of mineral localities throughout the world. This is especially 
noticeable for petroleum which is shown on the same maps as coal, and suffers unneces- 
sarily by comparison. 

Minerals in World Affairs makes a concise handbook of the salient facts regarding 
sixteen important minerals, places them squarely in world affairs, and should serve as a 
useful text for courses in economic geology. 


1 Amerada Petroleum Corporation. Manuscript received, February 17, 1944. 
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THE PHYSICS OF BLOWN SAND AND DESERT DUNES, 
BY R. A. BAGNOLD . 


REVIEW BY PARRY REICHE! 
Albuquerque, New Mexico 


The Physics of Blown Sand and Desert Dunes, by R. A. Bagnold. xx+265 pp., 16 photo- 
graphic plates, 84 text diagrams. Wm. Morrow and Company (1943). Price, $5.00. 


This is an important book. It summarizes and extends material presented in a series of 
papers by Major Bagnold (now Lieutenant Colonel) appearing in British journals in the 
late thirties. Based on many years experience in the Libyan Desert and on painstaking 
wind-tunnel experiments, it furnishes a physical explanation of the movement of sand un- 
der the wind. It is written with admirable clarity and economy of words, and is further 
marked by an essential continuity reminiscent of a mathematics text. Hence, it is not a 
book which can be readily skimmed and sampled. Notwithstanding a satisfying rigor of 
treatment, the book does not presuppose any mathematical skills in the reader, although 
familiarity with the significance of common symbols through the differential calculus is 
assumed. 

It is an interesting confirmation of the contention that even the “purest” of scientific 
investigations inevitably finds practical application and that Bagnold’s labors were of 
great value in planning and successfully executing maneuvers during the North African 
campaigns, in which the author took an active part. His understanding of the causes and 
origin of “firm” and “dry quicksand” areas, which are identical in appearance, aided in 
their recognition and thus facilitated motor transport. Presumably, also, his data on the 
localization of available ground water in the dunes were of direct value. 

On the purely scientific side, The Physics of Blown Sand and Desert Dunes opens prom- 
ising vistas in the study of climatic changes; by implication it advances one and possibly 
two new quantitative criteria for the recognition of aeolian deposits; it suggests a rapid 
means for the meteorological survey of large areas now scarcely known, and, by analogy, 
it may aid in an understanding of the problems of water transport of débris. The latter con- 
sideration, indeed, is specifically dealt with in illuminating passages throughout the book. 
The recognition that the flanks of a graph of grain-size against weight-frequency per unit 
of log-difference in seive openings, for aeolian sands, constitute two independent power 
functions, and the uses to which the data thus afforded may be put in statistical sedimen- 
tology are worthy of special mention. 

Geologists at all seriously concerned with problems of sedimentology, paleoclimatology 
(especially that of the early Recent), or the geomorphology of arid regions will find that 
the book fully repays any study that they may give it. 


1 Department of geology, University of New Mexico. Review received, March 3, 1944. 


RECENT PUBLICATIONS 
CALIFORNIA 
*“Miocene Radiolarian Faunas from Southern California,” by Arthur S. Campbell 
and Bruce L. Clark. Geol. Soc. America Spec. Paper 51 (New York, February 14, 1944). 


76 pp., 7 pls. 
*“Antelope Hills Oil Field,” by W. T. Woodward. California Oil Fields, Vol. 28, No. 2 


(San Francisco, July-December, 1942). (Received, March, 1944), pp. 7-11; 3 pls. 
“Imperial Carbon Dioxide Gas Field,” by Stephen H. Rook and George C. Williams. 


Ibid., pp. 13-33; 5 figs., 4 pls. 
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CANADA 


*“Mackenzie River Basin Best Opportunity for Oil in Canada,” by G. S. Hume. Oil 
Weekly, Vol. 113, No. 2 (Houston, March 13, 1944), pp. 18-26; 2 maps. 


GENERAL 


_ *“Fish Remains from the Middle Devonian Bone Beds of the Cincinnati Arch Region,” 
by John W. Wells. Paleontographica Americana, Illustrated Contributions to the Invertebrate 
Paleontology of America, Vol. 3, No. 16 (Palaeontological Research Institution, Ithaca, 
New York, February 26, 1944). 62 pp., 8 pls., 9 figs. Paper, 9.5X12.5 inches. 

*“Study and Revision of Archimedes (Hall),” by G. E. Condra and M. K. Elias. Geol. 
Soc. America Spec. Paper 53 (New York, February 29, 1944). 243 pp., 41 pls., 83 tables, 6 
figs. 

ILLINOIS 

*“Undiscovered Oil Reserves in Illinois,” by M. M. Leighton. Oil Weekly, Vol. 113, 

No. 2 (Houston, March 13, 1944), pp. 30-33; 1 fig. 


KANSAS 


*“Ground Water in the Oil-Field Area of Ellis and Russell Counties, Kansas,” by 
John C. Frye and James J. Brazil. Kansas Geol. Survey Bull. 50 (Lawrence, December, 
1943). 104 pp., 14 tables, g figs., 2 pls. 

*“The Stratigraphy and Structural Development of the Forest City Basin in Kansas,” 
by Wallace Lee. Ibid., Bull. 51 (December, 1943). 142 pp., 22 figs., 2 tables. 


MEXICO 


*“Geology and Paleontology of the Permian Area Northwest of Las Delicias, South- 
western Coahuila, Mexico,” by Robert E. King, Carl O. Dunbar, Preston E. Cloud, Jr., 
and A. K. Miller. Geol. Soc. America Spec. Paper 52 (New York, February 26, 1944). 172 
Pp-, 45 pls., 29 figs. 

MISSISSIPPI 

*“Geology and Ground-Water Supply at Camp McCain,” by Glen Francis Brown and 
Robert Wynn Adams, in coéperation with the U. S. Geological Survey. Mississippi Geol. 
Survey Bull. 55 (University, 1943). 116 pp., 14 tables, 11 pls. 

*“Geology and Ground Water Supply at Camp Van Dorn,” by Glen Francis Brown 
and William Franklin Guyton, in codperation with the U. S. Geological Survey, Jbid., 


Bull. 56 (1943). 68 pp., 13 pls., 9 tables. 


PENNSYLVANIA 


*“Middle Ordovician of Central Pennsylvania,” by G. Marshall Kay. Jour. Geol., 
Vol. 52, No. 1 (Chicago, Illinois, January, 1944), pp. 1-23; 10 figs., 6 tables. 

“Oil and Gas Geology of the Oil City Quadrangle,” by Parke A. Dickey, R. E. Sherrill, 
and L. S. Matteson. Pennsylvania Topog. and Geol. Survey M 25 (Harrisburg, March, 
1944). Division of Documents, roth and Market Streets, Harrisburg. Price, $1.00. 


TEXAS 
“Oil Possibilities of Sierra Diablo, Hudspeth and Culberson Counties, Texas.” U.S. 
Geol. Survey Prelim. Map 2, Oil and Gas Investig. Ser. (March, 1944). Scale, 1 mile to the 
inch. Includes structure sections. May be purchased from the Director, U. S. Geol. Sur- 
vey, Washington, D. C. Price, $0.40. 
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*“Permian Basin Pays Are Many and Deep,” by Paul F. Osborne. World Petroleum, 
Vol. 15, No. 3 (New York, March, 1944), pp. 44-49; 11 illus. 


WYOMING 


“Structure Contour Map of the Big Horn Basin, Wyoming and Montana,” by David 
A. Andrews, William G. Pierce, and Jewell J. Kirby. U. S. Geol. Survey Prelim. Map 3, 
Oil and Gas Investig. Ser. (March, 1944). Scale, 3 miles to the inch. 38 X48 inches. Contour 
interval, 200 feet. May be purchased from the Director, U. S. Geol. Survey, Washington, 


D. C. Price, $0.40. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


Journal of Paleontology (Tulsa, Oklahoma), Vol. 18, No. 2 (March, 1944). 

“Fossil Corals of the Genus Turbinolia from the Gulf Coast,’’ by Edward Monsour. 
“Revision of Campophyllum in North America,” by William H. Easton. 

“The Composition of Conodonts,”’ by Samuel Ellison. 

“Permian and Pennsylvanian Fresh-Water Ostracodes,” by Harold W. Scott. 
“Occurrence of the Russian Genus Rhombotrypella in Utah,” by G. E. Condra and M. 


K. Elias. 
“New Ostracoda from Subsurface Middle Tertiary Strata of Texas,’’ by Morton B. 


Stephenson. 

““Muscle-Scar Patterns on Some Upper Paleozoic Ostracodes,”’ by Harold W. Scott. 

“New West American Species of the Foraminiferal Genus Elphidium,” by David 
Nicol. 
“Foraminifera from the Tumey Formation, Fresno County, California,” by Joseph A. 
Cushman and Russell R. Simonson. 

“Some Larger Foraminifera from the Lower Cretaceous of Texas,” by R. Wright 


Barker. 
“Machine for Serial Sectioning of Fossils,” by F. Russell Olsen and Frank C. Whit- 


more, Jr. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the following 
candidates for membership in the Association. This does not constitute an election but 
places the names before the membership at large. If any member has information bearing 
on the qualifications of these nominees, he should send it promptly to the Executive Com- 
mittee, Box 979, Tulsa, Oklahoma. (Names of sponsors are placed beneath the name of 
each nominee.) 

FOR ACTIVE MEMBERSHIP 


Warren LeRoy Constant, Houston, Tex. 

M. E. Halsted, James W. Kisling, Jr., Howard R. Born 
John Finley Doyle, Jr., Dallas, Tex.: 

F. H. Lahee, P. W. McFarland, E. W. Hard 
Jessie Kelsey Liddell, San Antonio, Tex. 

Leo R. Newfarmer, V. E. Monnett, Charles E. Decker 
Erwin Ralph Scott, Kilgore, Tex. 

M. L. Kerlin, A. C. Wright, G. D. Thomas 
Edward James Smith, Jr., Houston, Tex. 

G. A. Berg, H. L. Burchfiel, Leonard W. Orynski 


FOR ASSOCIATE MEMBERSHIP 


Albert Lorenzo Ballou, Tulsa, Okla. 

Charles E. Decker, V. E. Monnett, J. W. Hoover 
Henry Waring Bradley, Dallas, Tex. 

E. C. Reagor, W. R. Ransone, C. V. A. Pittman 
Tennant Julian Brooks, Bakersfield, Calif. 

Glenn C. Ferguson, Stanley G. Wissler, Rollin Eckis 
Andrew Max Current, Shreveport, La. 

Phil K. Cochran, Robert W. Beck, William S. Hoffmeister 
Charles Frederick Haas, Corpus Christi, Tex. 

C. C. Miller, L. B. Herring, E. A. Taegel 
Wayne Franklin Meents, Urbana, IIl. 

M. M. Leighton, Alfred H. Bell, L. E. Workman 
Clarence Scott Mumford, Tulsa, Okla. 

R. E. Shutt, Sherwood Buckstaff, Hilton L. Rickard 
John Marchbank Parker, Manhattan, Kan. 

Theodore A. Link, John A. Allan, Louis Desjardins 
Eugene Stanley Richardson, Jr., Philadelphia, Pa. 

Paul D. Krynine, John R. Fanshawe, W. T. Thom, Jr. 
Lucille Evelyn Treybig, Houston, Tex. 

John S. Cruse, Jr., James S. Kirkendall, Morris E. Halsted 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Robert Gilmore Anderson, Abilene, Tex. 

V. C. Perini, Jr., Riley G. Maxwell, K. B. Nowels 
George J. Gaenslen, Midland, Tex. 

W. D. Anderson, J. W. Kisling, Jr., Neal J. Bingman 
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Ralph H. Lang, Pittsburgh, Pa. 

J. B. Lovejoy, C. D. Cordry, B. E. Thompson 
Barney Cliffton McCasland, Jr., Shreveport, La. 

R. L. McLaren, J. D. Aimer, E. L. Caster 
Grover E. Murray, Jr., Jackson, Miss. 

S. A. Thompson, Henry V. Howe, L. R. McFarland 
Joseph Bernard Petta, Fort Worth, Tex. 

Joseph H. Markley, Jr., D. G. Stookey, H. H. Bradfield 
Milton William Pullen, Jr., Urbana, Ill. 

M. M. Leighton, A. H. Bell, L. E. Workman 
Israel Gregory Sohn, Spokane, Wash. 

John B. Reeside, Jr., Lloyd G. Henbest, Ralph W. Imlay 
Ivan F. Wilson, Washington, D. C. 

George G. Louderback, Lester C. Uren, Bruce L. Clark 


ADDITIONAL MEMBERSHIP APPLICATIONS APPROVED 
FOR ACTIVE MEMBERSHIP 


Platte T. Amstutz, Jr., Cleveland, Ohio 

John P. Smoots, Eugene A. Stephenson, Edward A. Koester 
Godfrey Charles Beckman, Rio Vista, Calif. 

George M. Cunningham, George L. Knox, Stephen H. Gester 
Robert P. Bryson, Washington, D. C. 

Lloyd W. Stephenson, Carle H. Dane, Hugh D. Miser 
Stuart Edward Buckley, Houston, Tex. 

L. T. Barrow, Morgan J. Davis, John R. Suman 
Walter William Butcher, Maracaibo, Venezuela, S.A. 

A. J. Freie, John G. Douglas, J. H. Sawyer 
Albert A. Carrey, Long Beach, Calif. 

C. M. Gardiner, R. W. Sherman, Richard R. Crandall 
Clyde Grant Dickinson, San Antonio, Tex. 

H. R. Hostetter, Howard H. Lester, P. S. Morey 
Hodge Mobray Falkenhagen, Houston, Tex. 

D. F. Broussard, Joseph L. Adler, George S. Buchanan 
Katherine Fielding Greacen, Midland, Tex. 

John R. Ball, Albert O. Hayes, Aldred S. Warthin, Jr. 
Claude Wendell Horton, Cambridge, Mass. 

F. Goldstone, W. Hafner, W. S. Adkins 
Herbert Moore Houghton, Houston, Tex. 

A. L. Ladner, J. B. Ferguson, Andrew Gilmour 
Floyd G. Kerns, Oklahoma City, Okla. 

Hubert E. Bale, Richard W. Camp, J. T. Richards 
Ralph LeRoy Miller, Washington, D. C. 

Arthur A. Baker, Hugh D. Miser, William G. Pierce 
Berlen C. Moneymaker, Knoxville, Tenn. 

Paul D. Krynine, Nicholas A. Rose, L. C. Glenn 
Robert Emmett Morrison, Odessa, Tex. 

Philip D. Larson, V. E. Monnett, Richard E. Gile 


(Continued on page 575) 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


Dovuctas W. Jounson, of the geology department of Columbia University, New York 
City, died at the age of 65 years, February 24, at Sebring, Florida. 


E. J. DANrEL, of St. Ives, Cornwall, England, is in the Indian Army. 


Haro_p ENtows, recently teaching geology at Tulsa University, has completed train- 
ing in meteorology at Annapolis, Maryland. 


RoseErt H. Dott, director of the Oklahoma Geological Survey, has been elected vice- 
president of the Association of American State Geologists. 


CHARLES J. DEEGAN, recently with the Petroleum Administration for War, has joined 
the editorial staff of the Oil and Gas Journal at Tulsa, to direct the exploration and drilling 
department. 


RicHarp T. Lyons has been elected vice-president of the Tide Water Associated Oil 
Company, Houston, Texas. 


M. Kinc HvusBeErt, of the Shell Oil Company, Inc., delivered a paper on “The Strength 
of the Earth,’’ before the Houston Geological Society, March 2. 


Kart L. WattER talked on ‘“‘Reconnaissance of Southern Chilean Patagonia,” at the 
regular meeting of the Rocky Mountain Association of Petroleum Geologists, Denver, 
Colorado, March 6. 


J. C. MartIn, JR., has resigned his position as geologist with The Texas Company and 
has joined the geological staff of Crown Central Petroleum Corporation, Houston, Texas. 


E. H. RaInwaTER, stratigrapher, has been transferred by Shell Oil Company, Inc., 
from Houston, Texas, to Tallahassee, Florida. 


Pau T. WALTON has left The Texas Company and is now division geologist of the 
Rocky Mountain area for the Pacific Western Oil Corporation, George F. Getty, Inc., and 
Skelly Oil Interests. His office is at 405 Consolidated Royalty Building, Casper, Wyoming. 


J. W. Gwinn is with the Standard Oil Company of Cuba, Apartado 1303, Habana, 
Cuba. 


Joun F. BarreEtT, formerly with The California Company at New Orleans, Louisiana, 
has joined the Barnsdall Oil Company, Houston, Texas. 


LIEUTENANT WARREN D. SorRELIts is in the Office of the Quartermaster General, 
Fuels and Lubricants Division, Washington, D. C. He was formerly with the Standard Oil 
Company of Venezuela at Caripito. 


Major BENJAMIN M. Suavs is in the Ordnance Department, U. S. Army. He has been 
on leave from Smith College since March, 1941. 


J. Q. ANDERSON, of The Texas Company, spoke on “Miocene Stratigraphy of the East 
Coalinga Oil Fields,” before the San Joaquin Geological Society, Bakersfield, California, 
February 16. 
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ALEXANDER CLARK, formerly at Calgary, Alberta, Canada, may be addressed at 1008 
West 6th Street, Ventura, California. He is with the Shell Oil Company, Inc. 


The Southeastern Geological Society was organized at Tallahassee, Florida, February 
18, with the following officers: president, HERMAN GUNTER, State geologist ; vice-president, 
Rosert B. CAMPBELL, consulting geologist; secretary-treasurer, R. M. SwWEsNIK, Sun 
Oil Company, Box 186, Tallahassee. There are 28 members. 


Joun L. P. CAMPBELL, of the Lane-Wells Company, Houston, spoke before the South 
Texas Geological Society at San Antonio, March 6, on ‘‘Radioactivity Well Logging.” 


ARTHUR W. Nauss has moved from Edmonton, Alberta, Canada, to Talara, Peru. He 
is with the International Petroleum Company. 


E. H. Vattat, formerly with the Continental Oil Company, has joined the Ohio Oil 
Company, 437 South Hill Street, Los Angeles, California. 


J. J. Bryan, formerly with the Tide Water Associated Oil Company, is now geologist 
for the Union Oil Company of California, Bakersfield, California. 


ALFRED CUMMING is situated at Bixby, Oklahoma, Route 1, Box 11A. 
LIEUTENANT-COLONEL O. W. Ursom is Post Engineer at Camp Barkeley, Texas. 


Joe Cannon, of the Petroleum Administration for War, has moved from Tulsa, 
Oklahoma, to 624 South Michigan Avenue, Chicago, Illinois. 


Harry H. Sisson, formerly party chief with the General Geophysical Company» 
Houston, is employed by the Gulf Oil Corporation, geophysical department, Fort Worth- 
His address is Box 1150, Midland, Texas. 


QuEnTIN D. SINGEWALD is on leave of absence from the University of Rochester, as 
geologist on the staff of the U. S. Geological Survey, serving as head of a party engaged in 
work for the Foreign Economic Administration in Colombia, South America. His present 
address is c/o American Embassy, Bogota, Colombia. 


A. L. Sottmay, of the Stanolind Oil and Gas Company, Tulsa, Oklahoma, has been 
made vice-president in charge of operations. He was formerly manager of explorations. 


Stuart St. Carr is chief of the Smelter Section of the Mining Division of the War 
Production Board, Washington, D. C. He had an illustrated article on the East Indies in 
the September issue of the National Geographic Magazine. His permanent address is Hud- 
son View Gardens, 183d Street and Pinehurst Avenue, New York City. 


C. B. Swartz, of the Carter Oil Company, has been transferred from district geologist 
of Arkansas to district geologist of Louisiana and Arkansas, with headquarters at Shreve- 
port, Louisiana. 


The A.I.M.E. Petroleum Division will hold its spring meeting at the Rice Hotel, Hous- 
ton, Texas, May 8, 9, and 10. 

HENRY ANDREW BUEHLER, geologist and director of the Missouri Bureau of Geology 
and Mines, at Rolla, died March 14, at the age of 67 years. He had been with the State 
Survey 43 years. 

CuaARLEs S. LAVINGTON, after about 20 years with the Continental Oil Company, has 
resigned to go into business for himself. His address is 1950 Holly Street, Denver, Colo- 
rado. 
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Roy G. MEap, JRr., who was formerly employed as geologist for the Mohawk Petrol- 
eum Company, recently completed the officers’ training course in the Marine Corps at 
Quantico, Virginia, and is now a Second Lieutenant, Intelligence Officer, stationed some- 
where in the South Pacific. 


RicHarp V. Hucues has resigned his position as chief of the development unit of the 
reservoir engineering section of the Production Division, Petroleum Administration for 
War, at Washington, to accept on March 1, the position of director of research for the 
Penn Grade Crude Oil Association. The Penn Grade area includes all producing areas in 
Pennsylvania, New York, Southeastern Ohio, and West Virginia. Headquarters will be at 
Bradford, Pennsylvania. 


The South Texas Geological Society at its annual meeting held on March 6 in the Cas- 
cade Room of the St. Anthony Hotel, San Antonio, Texas, elected the following officers 
for the year 1944: president, RoBErt N. Kou, Atlantic Refining Company; vice-presi- 
dent, DonaLp O. CHAPELL, Transwestern Oil Company; secretary-treasurer, ROBERT D. 
MEBANE, Saltmount Oil Company; executive committee member, E. FLoyp MILLER, 
A. G. Oliphant Oil Company. The Society, which is an official Section of the Association, 
completed a successful year with regular monthly meetings held on the first Monday eve- 
ning of each month at which a special speaker was the main feature. Six of these speakers 
were those sponsored by the A.A.P.G. distinguished lecture program and the remaining 
guest speakers discussed various geological or allied subjects. In addition, regular weekly 
Monday luncheons have been held at the Milam Cafeteria with numerous short talks on 
current geological problems, new oil or gas fields, or other popular subjects. Visiting 
geologists and friends are welcome at the Society’s meetings. 


RoBert H. Dort, director of the Oklahoma Geological Survey, Norman, spoke on 
“Current Operations of the Oklahoma Geological Survey,” at the bi-monthly luncheon of 
the Oklahoma City Geological Society, March 16. 


W. V. Howarp, consulting geologist, presented a paper, “The Basis on Which Our 
Science Rests,” before the Tulsa Geological Society, March 6. A kodachrome film, ‘‘Winter 
Surveying in Manitoba,” was shown through the courtesy of the Surveys Branch of the 
Department of Mines and Natural Resources of Manitoba, Canada. 


MarsHALt Kay, professor of geology at Columbia University, appeared before the 
following geological societies in March under the auspices of the distinguished lecture 
committee. He presented a well illustrated lecture based on his years of study of the Ap- 
palachian and other geosynclines, entitled ‘“‘Geosynclines in Continental Development.” 


March 6 Engineers Society of Western Pennsylvania at Pittsburgh 

7 Indiana-Kentucky Geological Society at Evansville 
8 Illinois Geological Society at Mattoon 
9 Mississippi Geological Society at Jackson 

10 Shreveport Geological Society at Shreveport 

11 East Texas Geological Society at Tyler 

13 South Louisiana Geological Society at Lake Charles 

14 Houston Geological Society at Houston 

16 North Texas Geological Society at Wichita Falls 

17 Fort Worth Geological Society at Fort Worth 

18 West Texas Geological Society at Midland 

24 Oklahoma City and Shawnee Geological Societies at Shawnee 

27 Tulsa Geological Society at Tulsa 

28 Tulsa Geological Society at Bartlesville 

29 Kansas Geological Society at Wichita 


In the course of his trip Dr. Kay attended the Dallas convention of the A.A.P.G. as 
the guest of the affiliated societies. 
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Epwarp V. WINTERER, of the Superior Oil Company, Los Angeles, California, died 
on March 14, at the age of 46 years. 


Joseru A. Tarr, of Palo Alto, California, honorary member of the Association, died 
in March, at the age of 82 years. He was chief geologist of the Associated Oil Company 
from 1926 to 1929, and a consulting geologist since 1929. 


W. A. WatpscumoipT is in the employ of Case, Pomeroy and Company, Inc., Box 
1888, Midland, Texas. 


A. E. Pertit, recently with the Hamilton Gas Corporation at Charleston, West 
Virginia, is in the employ of the Magnolia Petroleum Company, Mt. Vernon, Illinois. 


V. E. Autry, formerly with the Fain-McGaha Oil Corporation, is associated with 
MELvIN M. GarrETT, consulting geologist, Republic Bank Building, Dallas, Texas. 


K. F. Hurr has left Edmonton, Alberta, Canada, to join the International Petroleum 
Company, Ltd., at Guayaquil, Ecuador, S.A. 


MIGUEL DE Laveaca is working for the Capital Company, Los Angeles, California. 


Merritt B. Smiru, formerly with E. A. Parkford, is employed by Dwicut G. VED- 
DER, as geologist. 


Dovuctas Fyre has been for the past two years chief geologist in charge of oil explora- 
tion in Eastern Peru for the Peruvian Government. With him as assistants have been 
Norman D. NEWELL and BERNARD DUMMEL. 


Major Benjamin F. Hake, who was district geologist for the Gulf Oil Corporation in 
Michigan-Illinois-Indiana area, is now assistant chief of the Planning Branch, Fuels and 
Lubricants Division, Office of The Quartermaster General in Washington. Major Ray- 
monD C. Moore, formerly State geologist of Kansas, is chief of the Development and 
Rehabilitation Section, in the same office. Other Association members included in the 
Planning Branch are 1st. Lt. Don D. Montcomery of El Dorado, Arkansas, and rst Lt. 
Warren D. Sorretts of Abilene, Texas, who spent several years in Venezuela. The 
Planning Branch has responsibility for recommendations of petroleum plans and policies 
of the U. S. Army (except aircraft). 


Joun R. FansHawE has resigned as director of Reserves with the Petroleum Adminis- 
tration for War and is now working for the General Petroleum Corporation of California 
as a field geologist stationed at Billings, Montana. 


Ricuarp A. GEYER, recently with the Bureau of Ordnance, Navy Department, has 
accepted a position with the Woods Hole Oceanographic Institution, Woods Hole, Massa- 
chusetts. 


J. W. WanptE, of the McKamie Gas Cleaning Company, Magnolia, Arkansas, ex- 
plained the operation of the plant and facilities used to separate the products from a sour 
gas-condensate reservoir, at the regular meeting of the Shreveport Geological Society, 
Shreveport, Louisiana, March 27. 


The Houston Geological Society, Houston, Texas, recently had the following on the 
regular program. H. N. Fisk, of Louisiana State University, Baton Rouge, talked on 
“Geological History of the Alluvial Valley of the Lower Mississippi River,” April 6. 
J. Emery Apams, Standard Oil Company of Texas, Carlsbad, New Mexico, talked on 
“Depth Control of Sedimentation in the Permian Basin,” April 13. 
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KENNETH L. Gow, of the-Superior Oil Company, talked on “Geology and Oil Fields of 
the Illinois Basin with Remarks on Electrical Logging,” at the regular meeting of the 
Rocky Mountain Association of Petroleum Geologists, Denver, Colorado, April 3. 


J. J. ZoricHax is now secretary-treasurer of the Rocky Mountain Association of 
Petroleum Geologists, Denver, Colorado, succeeding A. W. WEEKS, of the Petroleum Ad- 
ministration for War, who has returned to the Philadelphia office of P.A.W. 


ADDITIONAL MEMBERSHIP APPLICATIONS APPROVED 
FOR PUBLICATION 


(Continued from page 570) 
FOR ACTIVE MEMBERSHIP 


Decatur O’Brien, Woodville, Tex. 

D. P. Carlton, O. D. Brooks, F. F. Campbell 
Charles Wesley Porter, Bakersfield, Calif. 

R. L. Hewitt, W. D. Cortright, J. J. Bryan 
Lucien A. Puzin, Wichita Falls, Tex. 

Dan D. Heninger, Donald Kelly, P. M. Martin 
Henry Gustav Raish, Midland, Tex. 

Robert I. Dickey, Sam C. Giesey, W. D. Henderson 
Cletus Daniel Roemer, Tulsa, Okla. 

G. S. Lambert, R. E. Shutt, Sherwood Buckstaff 
Morris Grady Spencer, Dallas, Tex. 

Barney Fisher, J. C. Karcher, Cecil H. Green 
Robert Charles Spivey, Midland, Tex. _ 

Bruce H. Harlton, R. V. Hollingsworth, E. Russell Lloyd 


FOR ASSOCIATE MEMBERSHIP 


Allen Francis Agnew, Platteville, Wis. 
F. W. DeWolf, Harold R. Wanless, Charles H. Behre, Jr. 
Robert Edwin Anderson, Los Angeles, Calif. 
Edgar W. Owen, J. H. Kinser, Ian Campbell 
Leslie Winston Dorbandt, Midland, Tex. 
Niles B. Winter, Lee B. Park, Dana M. Secor 
Ruth Mary Dudley, Tulsa, Okla. 
Norman D. Newell, W. H. Twenhofel, Raymond C. Moore 
Samuel Thomas Fee, Providence, R. I. 
L. W. LeRoy, J. Harlan Johnson, F. M. Van Tuyl 
Hamlin Garland Fox, Tyler, Tex. 
E. B. Branson, M. G. Mehl, L. K. Lancaster 
Eldon Woodrow Langford, Seminole, Tex. 
L. C. Snider, Hal P. Bybee, C. O. Fletcher 
Lamar McLennan, Jr., Midland, Tex. 
Robert I. Dickey, O. R. Champion, Laurence Lees 
James Howard Morris, Quitman, Miss. | 
Watson H. Monroe, Garrett A. Muilenburg, Samuel P. Ellison, Jr. : 
Waynard George Olson, Denver, Colo. 
Charles S. Lavington, A. E. Brainerd, Horace D. Thomas 
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Luther Clinton Powell, New Orleans, La. 

G. W. Gulmon, J. W. Hoover, Arthur McFarlan 
E. Harold Rader, Los Angeles, Calif. 

W. S. W. Kew, R. G. Reese, Herschel L. Driver 
Lois Jane Schulz, Midland, Tex. 

F. W. DeWolf, W. D. Henderson, H. R. Wanless 
Mary Elizabeth Sheldon, San Antonio, Tex. 

Hal P. Bybee, Fred M. Bullard, Charles H. Row 
Richard Cortez Shelton, Little Rock, Ark. 

A. O. Woodford, R. Ten Eyck, R. M. Barnes 
Harry Allison Tourtelot, University, Miss. 

Watson H. Monroe, E. F. Schramm, A. L. Lugn 
Morris Barksdal White, Oklahoma City, Okla. 

Frank Buttram, Harold D. Jenkins, I. Curtis Hicks 
Edwin Philp Williams, Calgary, Alta., Canada 

T. B. Williams, Leslie M. Clark, F. L. Fournier 
James Lee Wilson, Billings, Mont. 

W. A. Bramlette, D. L. Blackstone, Jr., O. A. Seager 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Richard S. Anderson, Fort Worth, Tex. 

O. C. Harper, H. A. Hemphill, M. T. Hartwell 
William L. Broadhurst, Austin, Tex. 

F. B. Plummer, Joseph W. Lang, W. O. George 
James Russell Reeves, Dallas, Tex. 

J. David Hedley, J. J. Travis, E. A. Markley 
Felix Anthony Runion, Houston, Tex. 

H. J. McLellan, Morgan J. Davis, Perry Olcott 
Rayman Sturdevant, Sacramento, Calif. 

Frank W. Bell, M. G. Edwards, Arne Junger 
Charles Henry Summerson, Albuquerque, N. Mex. 

Harold R. Wanless, Harold W. Scott, F. W. DeWolf 
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PROFESSIONAL DIRECTORY 


Space for Professional Cards Is Reserved for 
Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa, 1, Oklahoma 


CALIFORNIA 


J. L. CHASE 
Geologist Geophysicist 
529 East Roosevelt Road 
LONG BEACH CALIFORNIA 


Specializing in Magnetic Surveys 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral rains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


JEROME J. O'BRIEN 
Petroleum Geologist 
Examinations, Reports, Appraisals 
500 Lane Mortgage Bldg. 


208 West Eighth St. 
McCartHy & O'BRIEN Los Angeles, Calif. 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 
_ 614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 
Western Geophysical Company 


711 Edison Building 
601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


WHitney 9876 2013 West View St. 


Los ANGELES 16, CALIF. 


VERNON L. KING 
Petroleum Geologist and Engineer 
707 South Hill Street 
Los ANGBLES, CALIFORNIA 
Vandike 7087 


COLORADO 


COLORADO 


HARRY W. OBORNE 
Geologist 


304 Mining Exchange Bldg. 230 Park Ave. 
Colorado Springs, Colo. New York, N.Y. 


Main 7525 Murray Hill 9-3541 


C. A. HEILAND 


Heiland Research Corporation 


130 East Fifth Avenue 
DENVER, 9, COLORADO 
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ILLINOIS 


ELMER W. ELLSWORTH 
Consulting Geologist 


201 Grand Theatre Building 
132 North Locust Street 
CENTRALIA, ILLINOIS 


Now in military service 


L. A. MYLIUS 


Geologist Engineer 


New Fowler Bldg., 311 East Broadway 
Box 264, Centralia, Illinois 


CLARENCE E, BREHM 
Geologist and Geophysicist Geologist 
Box 502, Mt. Vernon, Illinois 
Mt. Vi Illinoi: 
725 Magnolia Ave. Phone 1643 
INDIANA LOUISIANA 


HARRY H. NOWLAN 


Consulting Geologist and Engineer 
Specializing in Valuations 


Evansville 19, Indiana 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 


Specializing in Magnetic Surveys 


SHREVEPORT, La. 


317 Court Bldg. Phone 2-7817 Giddens-Lane Building 
NEW YORK OHIO 
BROKAW, DIXON & McKEE JOHN L. RICH 
Geologists Engineers 
OIL—NATURAL GAS Geologist 
Examinations, Reports, Appraisals Specializing in extension of ‘‘shoestring’’ pools 
Estimates of Reserves 
University of Cincinnati 
Gulf Cincinnati, Ohio 
OKLAHOMA 
ELFRED BECK FRANK BRYAN 
Geologist 
717 McBirney Bldg. — Consulting Geologist 
TULSA, OKLA. DALLAS, TEX. 
NELSON OKLAHOMA 
GEOLOGIC AND STRUCTURAL MAPPING FROM R. W. Laughlin L. D. Simmons 


AERIAL PHOTOGRAPHS 


LOUIS DESJARDINS 
Aero-Geologist 


Tulsa, Oklahoma Temporary Address: 


Box 129, Edmonton, Alberta 


WELL ELEVATIONS 


LAUGHLIN-SIMMONS & CO. 
615 Oklahoma Building 
OKLAHOMA 
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OKLAHOMA 
A. I. LEVORSEN CLARK MILLISON 
Petroleum Geologist Petroleum Geologist 
221 Woodward Boulevard 
Tusa OKLAHOMA 
TULSA 5 OKLAHOMA 

G. H. WESTBY 
Consulting Geologist 
Petroleum Engineering Geologist and Geopbysicist 


Geophysical Surveys 


2259 South Troost Street 


TULSA OKLAHOMA 


Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 


L. G. 
J. R. Writs, Jr. 
Grant Building, Pittsburgh, Pa. 


TEXAS 


JOSEPH L, ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
in Latin America 


Independent Exploration Company 
Esperson Building Houston, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 
Specializing in Valuations 
3. Commercial h Cummins 


Fort Worth 2, Texas 


E. DgGOLYER 
Geologist 
Esperson Building 
Houston, Texas 
Continental Building 
Dallas, Texas 


J. H. DEMING 
Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 
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TEXAS 
J. E. (BRICK) ELLIOTT 
DAVID DONOGHUE Petroleum Engineers 
Consulting Geologist Houston Club Houston, Texas 


Appraisals - Evidence - Statistics 


Duration address: Major J. E. Elliott 
Dallas Chemical Warfare Procurement Office 


Fort Worth National FORT WORTH, 700 Mercantile Bank Bldg., 106 Ervay St., 
Bank Building TEXAS Dallas, Texas 
B, Porter Bash 
esident ice-President 
THE FORT WORTH RR A. GILLEN 
LABORATORIES National Geophysical Company 


Analyses of Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


82842 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


Tower Petroleum Building 
Dallas, Texas 


W. G. Savittze J. P. SchumMAcHER A, C. PAGAN 


GRAVITY METER EXPLORATION CO. 
TORSION EXPLORATION 


Gravity Surveys Gulf Bidg. HOUSTON, TEXAS 
Domestic and Foreign 
1347-48 ESPERSON BLDG. HOUSTON, TEX. 
L. B. HERRING JOHN M. HILLS 
Geologiss Consulting Geologist 
Midland, Texas 
_ Box 418 Phone 1015 
Drisco.t CORPUS CHRISTI, TEXAS 
J. S. HUDNALL G. W. Pitts 
HUDNALL & PIRTLE 
Petroleum Geologists Geologist 


Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


1124 Niels Esperson Bldg., HOUSTON, TEXAS 


W. P. JENNY 


Consulting Geologist and Geophysicist 


Specializing in MICROMAGNETIC SURVEYS, 
GEOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
magnetic surveys. 


1404 Esperson Bldg. HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SBISMIC AND GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 

H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 


CECIL HAGEN 
Geologist 
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TEXAS 


JOHN D. MARR 
Geologist and Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 
No Commercial Work Undertaken 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 


Gulf Building Houston, Texas 


ROBERT H. RAY 
ROBERT H. RAY, INC. 
Geophysical Engineering 

Gravity Surveys and Interpretations 


Gulf Bldg. Houston, Texas 


F, F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 
2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


HARRY C. SPOOR, JR. 
Consulting Geologist 
.. «+» Natural Gas 


Houston, Texas 


Petroleum . 


Commerce Building 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 
KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 


Consulting Geologist 


217 High Street 
WEST VIRGINIA 


MORGANTOWN 


E. W. KRAMPERT 
Geologist 
P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


COLORADO ILLINOIS 
ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM ILLINOIS 


GEOLOGISTS 
DENVER, COLORADO 
President - - - Ben H. Parker 
Colorado School of Mines, and Frontier 
Refining Company 
1st Vice- Dart Wantland 
Colorado School of “Mines 
2nd Vice- B. Kramer 
Geological ‘survey 
etroleum Administration ‘for 
First National Bank ne, 
Luncheons every Friday noon, Cosmopolitan Hotel. 
Evening dinner (6:15) and program (7:30 = 
Monday each month or by announcement, 
politan Hotel. 


GEOLOGICAL SOCIETY 


President + += + + + + + Darsie A. Green 
The Pure Oil Company, Box 311, Olney 


Vice-President - - - - - + Otto E. Brown 
Gulf Oil Corporation, Mattoon 


Secretary-Treasurer - - + Fred H. Moore 
Magnolia Petroleum Corp., Box 535, Mt. Vernon 


Meetings will be announced. 


INDIANA-KEBENTUCKY 


KANSAS 


INDIANA-KENTUCKY 
GEOLOGICAL SOCIETY 
EVANSVILLE, INDIANA 


President - + + George R. Wesley 
Skelly Oil Co. 


Vice-President - + + + + + Robert F, Eberle 
The Superior Oil Company 


Secretary-Treasurer + + Hillard W. Bodkin 
The Superior Oil Company 


Meetings will be announced. 


KANSAS 
GEOLOGICAL SOCIETY 
WICHITA. KANSAS 
President - + « Leo R. Fortier 
Alpine Oil and Royalty Co. 

Vice- President - Virgil B. Cole 
Gulf Oil. Corporation 
Treasurer - - Delbert J. Costa 
oupenes Oil Co. of California 
417 First Natl. Bank Bldg. 

Manager of Well Log Bureau - Harvel E. White 


Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month. 
Visitors cordially welcom 

The Society sponsors the Kenees Well Log Bureau 
which is located at 412 Union National Bank Bldg. 


LOUISIANA 


LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, LOUISIANA 
President - C. 
Freeport Sulphur oe. American Bank Bide. 
Vice-President and Program Chm, - 
Dean F, “Metts 
” Humble Oil, and Refining Company 
Canal Bldg. 
Secretar B. E. Bremer 
Texas Company, P.O. Box 252 
Meets ae first Monday of every month, October- 
May inclusive, 7:30 P.M., St. Charles Hotel. 
Special meetings by announcement. Visiting geol- 
ogists cordially invited. 


THE SHREVEPORT 


GEOLOGICAL SOCIETY 
SHREVEPORT, nes 


President - - H. Spears 
inion Producing Company, i407" 
Vice-President - - - + T.H. Philpott 
Carter il Company, Drawer “ged 


Secre P. Ogier 

c/o W. C. Spooner, Box 1193 
Meets the dy Tuesday of every month, September 
to May, inclusive, 7:30 P.M., Criminal Courts 
Room, Caddo Parish Court House. Special meetings 
and dinner meetings by announcement. 


LOUISIANA 


MICHIGAN 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 
President - C. B. Roach 
Shell Oil Company, Inc., Box 136 


Vice-President - S. Shoeneck 
Atlantic Refining 


Secretary - Ben F. Morgan 
Stanolind Oil and Gas Company 
Treasurer - bert N. oe 


Rol 
Atlantic Refining Company, Box 895 


Meetings: Dinner and business meetings third 
Tuesday of each month at 7:00 P.M. at the Majestic 
Hotel. Special meetings by announcement. Visiting 
geologists are welcome. 


MICHIGAN 
GEOLOGICAL SOCIETY 


Edward J. Baltrusaitis 
Gulf Refining Company, Box 811, Saginaw 
Vice-President - - Raymond S. Hunt 
Consulting, 405 s. Main, Mt. Pleasant 
Thomas S. Knapp 
artiers Oil Co., Box 227, Mt. Pleasant 
Business Manager - - - - + Lee S. Miller 
Michigan Geological Survey, 
Capitol Savings and Loan Bldg., Lansing 


Meetings: Bi-monthly from November to April at 
Lansing. Afternoon session at 3:00, informal din- 
ner at 6:30 followed by discussions. ‘(Dual meetings 
for the duration.) Visiting geologists are welcome. 
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OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 

The Refining Box 2 
nC, 
Pure Oil ‘Company, Ber’ 1141 


Consulting, Edwards “Hotel 


Meetings: First and third Wednesdays of each 
month ,from October inclusive, at 7:30 
p.M., Edwards Hotel, J ssissippi. Visiting 
geologists welcome to eo meetings. 


ARDMORE 


GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - = Marshall 
The Texas ‘Company, Box 539 

Vice-President - - + + + + Frank Neighbor 
Sinclair Prairie Oi] Company 

- - §S. L. Rose 

618 Simpson “Building 


Dinner meetings will be held at 7:00 p.m. on the 
first Wednesday of every month —_ 
May, lecueive. at the Ardmore Hote 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President - - - + I. Curtis Hicks 
Phillips Petroleum Company 
1211 First National Building 
Vice-President - G. Dahlgren 
Interstate oil Compact Commission 
State Capitol 
Secretary-Treasurer - - Theodore Glass 
Sinclair Prairie Oil Company 
703 Colcord Building 
Meetin af by program each month, subject 
to cal Program Committee, Oklahoma ity 
Unieanine. 24th Street and Blackwelder Luncheons: 
Every Thursday, at 12:00 noon. Y.W.C.A. Cafe- 

teria. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - + - + = + = Edwin A. Dawson 
1829 N. Broadway 


Stanolind Oil and Gas “Company, 1099 


- + + Marcelle Mousley 
Atlantic Refining Company 


Meets the fourth Thursda lay of each month at 8:00 
at the Aldridge Hotel. Visiting geologists 
welcome. 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - Robert E. Garrett 
Consulting "Geologist, 301. Beacon Building 
1st Vice- « J. V. Howell 
2 Philtower 
2nd Vice-Presid = E. U 
Secretary-Treasurer James A. Price 
WC C. McBride, Inc., 625 Wright Bldg. 
L. Ginter 
Ginter Laboratory 
and third Mondays, month, 
to May, inclusive, at P.M., 
University of Tulsa, Kendall Hall 
Every Tuesday May), 


lotel. 
TBXAS 
CORPUS CHRISTI GEOLOGICAL visehensien GEOLOGISTS 
SOCIETY DALLAS, TEXAS 
CORPUS CHRISTI, TEXAS President - + Joseph M. Wilson 
Continental Buil ges 
ith C. Owens 


President - - - 
Consulting, ‘Nixon Builline 
Vice-President - - + + Edwin A. Taegel 
The Chicago Corporation 


Secretary-Treasurer - - - John Bruce Scrafford 
nsulting, Driscoll Building 


every Wednesday, Petroleum 
Plaza Hotel, 12:05 p.m. Specia * night meet- 
ings, announcement. 


Vice-President - lenry C. Cortes 
Magnolia Petroleum 


Secretary-Treasurer - - - H. C. Vanderpool 
Seaboard Oil Company 


Executive Committee - - + + Cecil H. Green 
Geophysical Service, Inc. 


Meetings: Regular luncheons, first Monday of each 
month, 12:00 noon, Petroleum Club, Adolphus 


Hotel. Special night meetings te 
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TEXAS 
EAST LOGICAL FORT WORTH 
GEOLOGICAL SOCIETY 
TYLER, TEXAS FORT WORTH, TEXAS 
President - Loetterle 


G. J. 
Shell Oil ‘Company, Inc., Box 2037 
Vice-President - - B. W. Allen 
Gu alf Oil Corporation 
Secretary-Treasurer - L. L. Harden 
Sinclair Prairie Oil Company, Box 1100 

Executive Committee - J. H. McGuirt 
Magnolia Petroleum Company 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel 


President - + «+ Joseph H. 
The Texas 172 


he Pure Oil ‘Company, Box 2107 
- + Spencer R. Normand 


Independent Company 
2210 Ft. Worth Natl. Bank Bidz. 


Meetings: Luncheon at noon, Hotel Texas, first 
and third Mondays of each month. Visiting geol- 

ists and friends are invited and welcome at 
all meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


President - Leslie Bowling 
Union Oil Company of California 


Vice-President - W. B. Milton, Jr. 
Gulf Oil Corporation 
- W. B. Moore 
antic Refining Company, Box 1346 
Treasurer - - G. J. Smith 
Pan American Producing Company 
Regular meeting held the first and third Thursdays 
at noon (12 o'clock), Mezzanine floor, Texas State 


Hotel. For any particulars pertaining to the meetings 
write or call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 
President - - 
The Ohio Oil Company, 615 Heoinge 


- + Dolph E. Simic 
es Service Oil Co. 


Secretary-Treasurer - + - Carlos M. Fe 
Magnolia Petroleum Co., 500 Waggoner B . 


Vice-President Chi 


Luncheons and evening programs will be an- 
nounced. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO, TEXAS 


President - Robert Kolm 
Atlantic Refining Co., 1742 Milos Building 


Vice-President - - Donald O, Chapell 
Transwestern Oil re 1600 Milam Building 


Secretary-Treasurer + + Robert D. Mebane 
Saltmount Oil Co., 916 Milam Building 


Meetings: Third Tuesday of each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 


President - - + Robert I. Dickey 
Forest Development Corporation 


Vice-President - George R. Gibson 
Richfield Oil “Corporation 


Secretary-Treasurer - - - + Jane Ferrell 
Magnolia Petroleum Company, Box 633 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


President - uglas Rogers, Jr. 

South Penn “Natural ‘Gas Parkersburg 

Vice-President - - - Veleair C. Smith 
Kanawha Valley Bank Building 

-Treasurer + A. E. Pettit 
lamilton Gas Corporation, Box 2387 

Editor - - H. J. Simmons, Jr. 

Godfrey L. ” Cabot, Inc., Box 1473 


Second Monday, each 


Jase, ‘Ser. and August, at 6:30 P.M., 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - + William M. Rust, Jr. 
Humble Oil. & ‘Refining Company, Texas 


Vice-President - ry C. Cortes 
Magnolia Petroleum “Company, Dui, Texas 


Edit . A. Sharpe 
anid Ges Company, Tete, 


- - W. H. Taylor 
Petty Geophysical Engineering Company 


Past-President - - - - R. D. Wyckoff 
Gulf Research and Development Company 
Pittsburgh, Pennsylvania 
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WANTED BY P. A. W. IN 1944: 
5000 Scenes Like This 


To bolster declining petroleum reserves 
caused by unprecedented wartime de- 
mands, the Petroleum Administration for 
War has asked for 5000 exploratory wells 
this year. Structures now mapped or in 


process of exploration by reflection seismo- 


graph will probably warrant the drilling of 
this record number of wildcats. 

We of General are proud to be identified 
with the industry which, through long- 
range, aggressive planning, has prepared 
itself to meet such extreme requirements. 


GEOPHYSICAL COMPANY HOUSTON 


AG 
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FIRST IN OIL FINANCING 


1895—1944 


The FIRST NATIONAL BANK 
and Trust Company of Tulsa 


MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 
1702 Tower Petroleum Building 
Telephone L D 101 Dallas, Texas 


+ Redrill dry holes directionally to more favorable 
position on the structure. 


7 Mill out and directionally drill to save on casing 
recompletions. 


& Drill mutliple wells from single location for marine 
development and geological exploration. 


E Save on critical materials, crew time and expense. 


LONG BEACH 
Ty. LAFAYETTE 
at 


# OF DRY HOLE: 
OF CONTROLLED 
L 
e 
SURVEYING 
t 
OIL W 
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The Value of the Results of 
GEOPHYSICAL SURVEYS 


depends on 


Abundant Experience 
Scientific Personnel 
Proper Equipment 


Independent’s record of many years service 
‘to the world’s leading oil producers in North 
and South America merits your consideration 


S EXPLORATION COMPANY 


HOUSTON, TEXAS 


\) 
| 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


SECOND EDITION 
Revised and Enlarged 


By JOSEPH ZABA 
and 
W. T. DOHERTY 


This book was written by practical oil men. The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99% of the 
conditions under which the average operator is working in the field. 

The second edition of the PRACTICAL PETROLEUM ENGINEERS' HANDBOOK has been com- 
pletely revised and enlarged. Many changes which have been made in the Standard Specifications 
of the American Petroleum Institute, particularly in pipe specifications, are incorporated in this 
second edition. Several tables are rearranged and charts enlarged to facilitate their use. Table 
of Contents and Index are more complete. Also about 90 pages of new formulae, tables, charts 
and useful information have been added, 


This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 


Chapter | —General Engineering Data 
Chapter Il —Steam 

Chapter II] —Power Transmission 
Chapter 1V —Tubular Goods 

Chapter V —Drilling 

Chapter VI —Production 

Chapter VII —Transportation 


Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $5.00 Postpaid 


Send Checks to the 


GULF PUBLISHING COMPANY 
P. O. BOX 2608, HOUSTON, TEXAS 


XX 
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WEISMIC'S reputation for accurate subsurface surveys is the result 
of advanced reflection seismograph equipment and technique, son- 
mproved thru research, and thoroughly experienced person e 
trinsic value of these qualifications will increase as the number 


‘SEISMIC EXPLORATIONS, INCORPORATE 


‘ 
| 
and size of structures decrease. 
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GULF COAST OIL FIELDS 


’ Forty-Four Papers Reprinted from the Bulletin of The American Association of 
Petroleum Geologists with a Foreword by Donald C. Barton 


EDITED By DONALD C. BARTON AND GEORGE SAWTELLE 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. members and associate members) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


[OFHIN The Annotated 
Bibliography of Economic Geology 


CHROME CLAD STEEL TAPES Vol. XV, No. | 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
members at $3.00 each. Volumes I-XIV 
can still be obtained at $5.00 each. 


easy TO READ 


6S 
me ei The number of entries in Vol. XIV is 
1,978. 
“ATLAS” The outstanding Of these, 540 refer to petroleum, gas, 
King of all development in ‘| etc, and geophysics. They cover the i 
Gaging Tapes the manufacture world, so far as information is available 
of measuring in war time. 
If you wish future numbers sent you 
Features of all Chrome Clad Tapes: promptly, kindly give us a continuing f 
Easy to read markings that are durable pn 
Line resists rust, will not crack, chip or peel 2 
Line is extra strong. An Index of the 10 volumes was issued in i 
Send for Catalog No. 12 showing complete May, 1939. Price: $5.00 I} 
line of Tapes, Rules and Precision Tools 
onomic Geology Publishing Co. 
TH. E [UF OGLE C: a. Urbana, Illinois, U.S.A. 
Saginaw, Michigan New York City i 


AERIAL PHOTOGRAPHY 
RECONNAISSANCE MOSAICS 
PRECISE AERIAL MOSAICS 
TOPOGRAPHIC SURVEYS 


For information write Department H 


ES AERO SERVICE CORPORATION 


Since 1919 
PHOTOGRAMMETRIC ENGINEERS 
236 E. Courtland Street, Philadelphia 20, Penna. 
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Pioneers in 
Magnetic 
Prospecting 


ARRET, INC 


ycists 
LIAM 
wit Consulting SHR! 
psc. 
LANE 


GIDDENS 


: 
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| 
| 
i 
i 
i 
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‘ 
u 
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: 
} 
| 
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| 
4 


Unitea has enlarged its service 
program to meet the expanding 
needs of the oil industry. 


when 


Due to the approaching critical oil shortage the 
petroleum industry must make every effort to 
discover new resources. And by enlarging facili- 
ties and serving more and more territory, 
UNITED is assisting materially in today’s ac- 


celerated exploration programs. 


BETTER SERVICE 
NEEDED 


UNITED’S modern equipment . . . advanced 
computing technique ... trained personnel ... 
and continuous research assure operators of 


complete and extremely accurate surveys. 


UNITED’S dependable, proven geophysical serv- 
ice is based on experience under all types of field 


conditions, 


UNITED 


MAIN OFFICE: 595 EAST COLORADO STREET, PASADENA 1, CALIFORNIA _ 
805 THOMPSON BLDG., TULSA 3, OKLA. © RUA URUGUIANA 118, RIO DE JANEIRO, BRAZIL : 


CASILLA 1162, SANTIAGO, CHILE 


Yar, the Us wily be 2 have. Wi Ration 
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Before You Abandon 
Any Well— / 


Now, more than ever before, it is necessary to 


have all information possible about the forma- 


tions traversed by a well. Radioactivity Well 


Logs—either Gamma Ray or Neutron Logs—can 


be used to establish accurately the depths of 


producing horizons in wells drilled prior to elec- 


trical logging. These potential zones, which may 


have been cased-off in the original completion, 


can be gun perforated and tested for secondary 


production. Logs are developed regardless of the 


nature of the well fluid and are not materially 


affected by multiple strings of casing. 


Factory, General and Export Offices: 
5610 South Soto Street, Los Angeles 
Houston Oklahoma City 
24-Hour Service ° 30 Branches 


Radioactiwity Well Logging Under License 
From Well Surveys, Inc., Tulsa, Oklahoma 


| | 
| 
| 
; A 
| 
: 
FIGHTING 
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Tue Geotocist’s Best Frienp 


TRUE SAMPLES OF FOOT BY FOOT CUTTINGS 
PROVIDED BY THOMPSON MACHINE 


As simple as reading a log— 
that's what geologists and drill- 
ing operators say about foot by 
foot cuttings obtained from the 
THOMPSON SAMPLE MACHINE, 
which is standard equipment on all 
Thompson Shale Separators. Sam- 
ples easily obtained and ready to 
analyze. Sample machine alone is 
worth the full cost of the Thompson 
Separator. 


Manufactured by 


HOMPSON TOOL CO., INC. 


stores Everywhere 
_ Iowa Park, Texas 


: 

i 
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| 


425 = 
4 = + Latest design Instruments 
= ‘ Precision 


MS 


Appropriate Techniques 
Versatile Equipment 


Experienced Personnel 


NAS 


| 
\ 
| 


ANNAN 


SENS DIFFICULTIES 


ROW 


a 


ECREASES WATER 
‘LOSS OF SALT AND 
> FRESH WATER MUDS 
HELPS CONQUER SHALE | 


IMPERMEX solves many drilling troubles in 
both deep and shallow wells. It greatly decreases 
the water loss of drilling muds, whether fresh 
water or contaminated with salt or salt water, 
and assures a thin filter cake in either case. 
IMPERMEX mud is advantageous when drilling 
into oil sands, as the permeability is not impaired 
by the intrusion of water. 

Shale and other caving formations give less 
trouble with IMPERMEX and BAROID in the 
mud because this combination provides very 


Patent Licenses, unrestricted as to sources of supply of materials, but on 
royalty bases, will be granted to ible oil and op 


| low water loss with whatever weight is required. to practice inventions of any and / or all of United States Patents Numbers 
1,807,082; 1,991,637; 2,041,086; 2,044,758; 2,064,936; 2,094,316; 2,119, 
| IMPERMEX is easily added directly to the 829; 2,214,366; 2,294,877; 2,304,256 and further improvements thereof. 
| mud. Lessened drilling difficulties make it Applications for Licenses should be made to Los Angeles office. 


economical to use. 


| BAROID SALES DIVISION 


NATIONAL LEAD COMPANY Baroid Sales Offices: Los Angeles 12 ¢ Tulsa 3 eHouston 2 


Barvid: Products Barold’ Colox+ Aquagel- saree; Baroco> Stabilite Aquagel- 
‘Impermex + Zeogel Micatex + Anhydrox + Testing Equipment + Baroid Well Logging Spevieg 


| 
Y 
HE AVING 
FORMATIONS — LOWERS 
* 
WATER LOSS TO OIL SANDS 
NDS 
| 
| 
5 
\ 
- 
| 


> 


of 


any part O 


OKLA. * 


~, 


YSICAL COMPANY 


GEOPH 


EDISON BLDG 


3 
| 
— CALIF, * PHILCADE BLDG., TULSA, ESPERSON BLDG., HOUSTON, TEXAS 
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@ “EASIER ON CREWS’”’ 


i 


* "EASIER ON LIGHT... 
OUR EQUIPMENT”’ 


@ GET ONE MORE 


SHOT POINT A DAY” 
say Party Chiefs 


LE 


HANDLED 


CASING. 


Fedralite is a plastic, non-metallic 

shot hole casing that has been fully 

proved and is in regular use under im COMPLETED 
all kinds of field operating condi- gyre 
tions. It is light and strong. Its INTO 
light weight makes it easy for men ere 
to handle, easier on trucks, tires, 

and gasoline. It gives excellent 

recovery and low cost per foot of 


holes shot. 
If you aren’t using Fedralite, try 
it. Order from stock at 


HOUSTON DALLAS NEW ORLEANS 
700 Waugh Drive 1902 Field Street 730 Charles Street 


Plastics Division 
FEDERAL ELECTRIC COMPANY, INC. 
8700 South State Street, Chicago 19 
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1935 


1936 


1936 


1936 


1938 


1942 


1942 


PUBLICATIONS OF 


The American Association 
of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma 


Geology of Natural Gas. Symposium on occurrence and geology of 
natural gas in North America. By many authors. 1,227 pp., 250 illus. 
6 x 9 inches. Cloth. To members and associates, $4.50 ................. 


Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 15 
half-tone plates 41 line drawings 9 tables. 6 x 9 inches. Cloth. To mem- 


Gulf Coast Oil Fields. Symposium on Gulf Coast Cenozoic. By 52 authors. 
Chiefly papers reprinted from the Association Bulletin of 1933-1936 
gathered into one book. xxii and 1,070 pp. 292, figs. 19 half-tone pls. 
6 x 9 inches. Cloth. To members and associates, $3.50 .................... 


Areal and Tectonic Map of Southern California. By R. D. Reed and J. S. 
Hollister. In 10 colors. From “Structural Evolution of Southern Cali- 
fornia,” December, 1936, Bulletin Scale, % inch = 1 mile. Map and 4 
ge sections on strong ledger paper, 27 x 31 inches rolled in mail- 


Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp. 14 
line drawings, including a large correlation chart. 22 full-tone plates of 
foraminifera; 18 tables (check lists and a range chart of 15 pages). 6 x 9 
inches. Cloth. To members and associates, $4.50 


Stratigraphic Type Oil Fields. Symposium of 37 papers by 52 authors. 
Approx. 902 pp., 300 illus. 227 references in annotated bibliography. 6 x 9 
inches. Cloth. To members and associates, $4.50 ...................-0005 


Source Beds of Petroleum. By Parker D. Trask and H. Whitman Pat- 
node. Report of investigation supported jointly by the American Pe- 
troleum Institute and the Geological Survey of the United States Depart- 
ment of the Interior from 1931 to 1941. 566 pp., 72 figs., 151 tables. 6 x 9 
inches. Cloth. To members and associates, $3.50 .................-.0005- 


Petroleum Discovery Methods. Report of a symposium conducted by the 
research committee, April 1942. 164 pp. 8!%4 x 11 inches. Paper ............. 


Bulletin of The American Association of Petroleum Geologists. Official monthly 


publication. Each number, approximately 150 pages of articles, maps, 
discussions, reviews. Annual subscription, $15.00 (outside United States, 
$15.40). Descriptive price list of back numbers on request. 


(Prices, postpaid. Write for discount to colleges and public libraries.) 


4.00 


50 


4.50 


1.00 


y 
ve 
$6.00 
4.50 
j 
5.50 
1941 
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Accurate and Complete Sampling. 
Immediate Analysis and Report. 


CORE LABORATORIES, Inc., Offers: 
Core Analysis with portable field laboratories. 


Bottom-hole sampling and analysis. 
Bottom-hole pressure tests: static and flowing. 


Comprehensive Studies of petroleum reservoirs. 


= CORE ATORIES, 
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1936 


GEOLOGY 


OF THE 


TAMPICO REGION 
MEXICO 


By JOHN M. MUIR 


CONDENSED TABLE OF CONTENTS 


PART I. INTRODUCTORY. History. Topography. Drainage. (Pages 1-6.) 

PART II. STRATIGRAPHY AND PALAEOGEOGRAPHY. Palaeozoic. 
Mesozoic. Tertiary. (7-142.) 

PART III. IGNEOUS ROCKS AND SEEPAGES. Asphalt. Oil. Gas. (143-158.) 

PART IV. GENERAL STRUCTURE AND STRUCTURE OF OIL FIELDS. 
Northern Fields and Southern Fields: Introduction, Factors Govern- 
ing Porosity, Review of Predominant Features, Production, Descrip- 
00 ah Pool and Field, Natural Gas, Light-Oil Occurrences. 

APPENDIX. Oil Temperatures. Salt-Water Temperatures. Well Pressures. Strip- 
ping Wells. Shooting and Acid Treating. Stratigraphical Data in Mis- 
cellaneous Areas. List of Wells at Tancoco. (226-236.) 

BIBLIOGRAPHY (237-247). LIST OF REFERENCE MAPS (248). GAZET- 

TEER (249-250). 

INDEX (251-280). 


“A volume that will mean the saving of countless hours of research to future workers in the 
beg saguemaiata W. Stephenson, of the United States Geological Survey, in his introduction 
to the book. 

“This book deals primarily with the geology of the Tampico embayment, but the author has 
viewed his objective with a broad perspective and presents the oil fields of that area against a 
background of the geologic history of Mexico. ... [It] is an authoritative work by an expert on 
an area which has been one of the most important oil-producing regions of the world. The excellent 
areal geologic map of the Tampico embayment and the structure maps of the oil fields are significant 
contributions to Mexican geology. The extensive faunal lists from definite localities in each forma- 
tion will be welcomed by students of earth history who seek to correlate the events in Mexico with 
the panorama of geologic development throughout the world.”—Lewis B. Kellum, of the Univer- 
sity of Michigan, in Bull. Amer. Assoc. Petrol. Geol. 

“As a contribution to stratigraphy, this book is conspicuous for its ees and penetrating 
on Jeanne Plummer, of the University of Texas Bureau of Economic Geology, 
in Jour. Paleon. 


© 280 pages, including bibliography and index 

® 15 half-tones, 41 line drawings, including 5 maps in pocket 

© 212 references in bibliography 

© Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches 


$4.50, post free 
$3.50 to A.A.P.G. ‘members and associates 


The American Association of Petroleum Geologists 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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STRATIGRAPHIC 
TYPE OIL FIELDS 


THIRTY-SEVEN ORIGINAL ARTICLES BY FIFTY-TWO AUTHORS 
Edited by A. I. Levorsen, Tulsa, Oklahoma 


Assisted by N. Woop Bass North Mid-Continent States 
Ross L. Heaton Rocky Mountain States 
W. S. W. Kew California 
D. Perry OLcott South Mid-Continent States 
THERON WaAssOoN Eastern States 
Fields Described 


and Kern Front fields 

COLORADO—Greasewood field 

KA NGAS Bush City, Chanute, Hugoton, Nikkel, Wherry, Zenith 

KENTUCKY—Big Sinking field 

LOUISIANA—University field 

MICHIGAN—Shoestring gas fields 

MONTANA-ALBERTA—Border-Red Coulee and Cut Bank 

OHIO—Sand lenses 

Dora, East Tuskegee, Ol Red Fork 

PENNSYLVANIA—Music Mountain, Venango san 

TEXAS—Bryson, Cross Cut-Blake, Hardin, East Texas, Hitchcock, Hull-Silk, Lopez, Noodle 
Creek, O’Hern, Sand Belt, Seymour, V Walnut B 

WEST VIRGINIA —Gay-Spencer- Richardson, 

WYOMING—Osa eld 

ANNOTATED SLIOGRAPHY of 125 other fields 


‘WEST 
? 


HORIZONTAL ANO VERTICAL SCALE 


FIG. 2. 


Illustration (reduced) from the book 
The present volume . . . is intended as a factual background on which a further approach may 


be made to the causes of oil and gas accumulation and also as a basis for the reasoning necessary 
to future oil-field discovery.—From the editor’s Foreword. 


Journal of the Institute of Petroleum (London, May, 1942).—This new symposium 
forms an invaluable supplement to that in two volumes on Structure of Typical 
American Oil-Fields, published by the A.A.P.G. in 1929, in which the emphasis lay 
on the tectonic side. . .. The material presented and the manner in which it has been 
presented will be an education and inspiration for all students of petroleum production 
for many years to come.—Archie Lamont. 


902 pp., 300 illus., 227 references in annotated bibliography 


PRICE, $5.50, POSTPAID ($4.50 TO MEMBERS) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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all Seismic Recording Apparatus and 


most auxiliary equipment used by 


EQUIPMENT IN 


RECORDING TRUCK 


ELA RECORDING INSTRUMENTS 


give you the subsurface information necessary to operate oil properties 
in an efficient and economical manner and obtain accurate information 
to determine fluid movement in the reservoir, economical separator 
pressure and other vital facts. 


E.L.I. is busy today contributing our share to the winning of Victory building electrical 


detecting and measuring instruments and other equipment for the armed forces. 


Our Staff of Engineers and Manufacturing Facilities are 
available on a contract or bid basis at reasonable rates. 


Laboratories, 


CONSULTING ENGINEERS & MANUFACTURERS 


602-624 EAST FOURTH STREET 


TULSA, OKLAHOMA, U. S. A. 


WORLD-WIDE USE 


and bui 
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WE DEPEND ON THE 
REED FOR ALL OUR 
CORING JoBs! 


Operators in every part fhe: ore 
™ with Confidence’ with the Reed ‘’BR” Wire ™ 
Line Coring-Drilling Bit on bottom. They have 
? learned through practice and experience that 
for positive results in hard or soft formations 
they can depend on Reed Core Drills. 


COMPLETE CORING SERVICE 
The REED KOR-KING CONVENTIONAL 
The REED “BR” WIRE LINE 

The REED STREAMLINED KOR-KING 
FOR SMALL HOLE DRILLING 


HARD AND SOFT FORMATION 
HEADS INTERCHANGEABLE 
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Hughes Oil Tool Production 
is Geared to Demands of War 


To supply the constantly increasing quantities 
of oil needed by a nation at war, the oil in- 
dustry must have all-out cooperation. By 
mass-production of Rock Bits, Core Bits, 
Tool Joints and other specialized oil tools, 
Hughes is meeting the needs of the essential 
Oil Well Drilling Industry. 


Hughes Tool Company 
Houston & #£=Texas 
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